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I INTRODUCTION 

Fiom conception to death man is beset with impediments to optimum nutri- 
tion Ills existence is literally a struggle for food His growth, his development, 
and his health depend upon the changing fortunes of this contest with nature 
X\^\Qu the balance is upset unfavorably malnutntion occurs This may be 
manifest by a complicated array of vague symptoms or by characteristic evi- 
dence of a specific deficiency disease It is more than a decade since one of us 
(T D S ) began investigations in the field of nutrition with particular emphasis 
on pellagra and related deficiency states A by-product of these studies has 
been the uncovenng of many diseases upon which malnutntion becomes in- 
grafted This has led us to study similar examples in the medical literature on 
pellagra, consulting more than two thousand articles of which the relevant ones 
are contained m the bibliography In the light of this expenence, it is timely 
to render an account of our present conceptions of this aspect of the general 
problem of undemutrition, namely, secondary or conditioned pellagra 
Pellagra has been classified as endemic, alcoholic and secondary (28, 336, 338). 
In the endemic class we arbitrarily include patients whose diet is inadequate 
foi any reason, because of poverty, food fads, or ill conceived therapeutic diets 
Alcoholic pellagia is that type which occurs m persons whose calones are derived 
laigely from alcohol -with a i educed intake of vitamm-nch foods needed to insure 
Its proper combustion Secondary pellagra occuis when some disease interferes 
uith the ordeily processes of nutntion in vanous ways which we will consider 
To establish an unassailable case foi a given instance of secondary pellagra one 
should be able to demonstrate that' (1) the patient ingested a diet adequate 
for his ordinary needs, or at least not permitting a recognizable deficiency, (2) 
some extraneous condition occuried which was folloived by the development of 
pellagra while the same diet was consumed, and (3) when the underlying condi- 
tion vas corrected pellagra disappeared It is manifestly impossible to satisfy 
these demands when the provoking factoi cannot be i emoved or when the pellagra 
is relieved with specific restitution therapy, or vhen, as sometimes happens, it 
undergoes spontaneous remission Wo have included in this review many cases 
of secondary pellagra on evidence which was circumstantial only We believe 
this IS justifiable in the present incomplete state of our knowledge, if only to focus 
attention upon the multifanous background of bodily disease as an obstacle to 
proper nutrition 

This papei deals with the relationship of well-recognized diseases to the sub' 
sequent development of pellagia It has been Icnowm for a long time that many 
abnormal conditions and diseases render the body particularly susceptible to 
the development of secondary vitamin deficiencies These have been expounded 
admirably by McCamson (198) Yeais ago Manson (21G) remarked of beii- 
ben, “given the necessary food restiictions, any lowenng of the general lesistancc 
of the body may lead to the rapid development of the disease Thus it often 
makes its appearance during pregnancy, lactation, after surgical operations or 
durmg convalescence from infections and debilitating diseases .such as dysentery, 
malaria and enteric ” This is equally true foi pellagra and other deficiency 
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diseases Thus the internal, as well as external environment may conspire to 
bung about a quantitative or qualitative deficiency of essential ntamms It 
IS not sufficient that a person have access to adequate food, but it must be pre- 
pared properly and the several necessary constituents must be mgested and ab- 
sorbed before the body can utilize them Even then certam ideal conditions 
must prevail for optimum nutrition It is only natui al that the pow erful instmct 

of self-preservation m all annuals emphasizes the urge to obtam food This 
trait IS so mstmctive that one seldom considers the ramifications of its foice It 
IS mdeed well that such a stiong stimulus exists, for in the face of this urge nature 
may interpose manj^ hindrances witlun the body as w'ell as outside 
Today we are all concerned w ith the ravages of w ar and famme, of mass stan a- 
tion or borderline malnutrition which have existed from time immemorial and 
continue to exist But befoie these vast problems can be solved, we must learn 
what we can of the mfimtely complex little world of man’s body and the forces 
holding constant its mtneate humoral matrix, for this inteinal environment 
must be mamtained relatively constant to permit even a little freedom m dealing 
wath the external environment Claude Bemaid has emphasized the fact that 
"all vatal mechanisms, however varied they may be, have but one object, that 
of preserving constant the conditions of life m the mternal environment ” Proc- 
esses of normal nutntion constitute the sine qua non of a normal homeostatic 
mechanism Storage of \itamms provides a factor of safetj winch is the first 
lino of defense agamst deficiency, but without ample mtake of food all stabilizmg 
forces eventually fail Effective barriers between food produced m the outside 
world and its assimilation mto the mtkeu intdneur exist wathm the bodj undci 
circumstances of disease With one form of ensuing nutntionnl disaster this 
paper deals 


II HISTORICAL NOTE 

A study of the relationship of specific organic diseases and abnormal states to 
the subsequent dev elopment of a vitamm deficiency sjmdiome has been possible 
only since the concept of v'ltamin deficiencj as a cause of disease has been ac- 
cepted generally For that reason it is not profitable to set down an inclusive 
review of the fascinatmg older literature on pellagra, except to pomt out the 
coniplexitics of the cimical pioblems which have given use to an almost in- 
cre iblo display of imagination regardmg etiologj To tuin the pages of the 
orj of pellagra is to find that ideas about the fundamental disturbances cliar- 
ac crizmg pellagra hav e follow ed the pattern of prev ailmg medical thought and 
1 ° centuries it has been known When the disease w as first 

1 Presence of a poison or toxin m the ingested food was considered a 
IiQi' cwlanation foi its manifestations Alaize was implicated as a 

mav^r considered an incomplete food The concept of poison 

and ll^V ® stimulus from the well publicized activities of the Boigias 

ccntuia fascuution with poisons In the latter third of the nineteenth 

Pnsir.!? Profound revolution m medical thought resulting from the work of 
c w establishing the germ theorj of mfectwns ’ , stiong con* 
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\'iction that pellagra was an infectious disease A tremendous amount of woik 
lias been expended m an attempt to isolate a causative bacterium, yeast, fungus, 
viius 01 to fix on an mtei mediate host oi vector Certam infectious agents 
announced as the cause of pellagia have pioved to be vnll-of-the- wisps and have 
now been relegated to the limbo of discredited hypothesis Even the well 
pubhcized and vndely beheved (289) conclusions of Sambon (302, 303) mcruni- 
nating the buffalo gnat have not passed the test of clmical experiment For sixty 
yeais the belief that pellagia was an infectious disease has been a veritable mill- 
stone about the neck of progress m undeistandmg the condition 
Manj’- obseiwations made in an attempt to establish an infectious cause for 
pellagra have some justification Pellagra may follow m the wake of infectious 
diseases Indeed, the veiy complex and still mcompletely understood patho- 
genesis of pellagia has always been a ready source of confusion Only m recent 
years has the mtamm deficiency concept of the cause of pellagra been put on a 
film basis hy combmed clmical and experimental studies made possible by the 
collaboration of many different sciences 
We have used our current conceptions of the disease as a background m re- 
vievung the literature concemmg secondary pellagra A complete study of all 
varieties of disease ivhich might be complicated by secondary nutritional dis- 
turbances could be encompassed only m a medical encyclopedia All the spe- 
cialities would pass m review Any disease can predispose to the development 
of pellagra by derangmg the patient’s relationship to his external environment 
The provmce of secondary pellagra might be considered all-mclusive, takmg for 
its domam all diseases of society as well as those of the human body The dis- 
orders of the body politic, gnnng rise to war and famme, the upheavals in per- 
sonality leadmg to food fads, dietary cults, addiction to alcohol and more dis- 
ablmg upsets m sanity are unpoitant causes of pellagra and many less severe 
stages of nutritional failure Conditions such as epilepsy, hemiplegia, Parkin- 
sonism (257, 260) which may be complicated by pellagra, are not considered m 
this paper All endence mdicates that these as well as alcoholic pellagra have 
essentially the same pathogenesis as endemic pellagra — a failure to ingest ample 
food A^Tiatevei be the mechanism of its production the lesultmg pellagra is 
the same disease entity Nor vuU this study include endemic pellagra It will 
be restricted to pellagra which follows well recognized disease, for the most 
part organic in nature 


m INVESTIGATIONS 

The 388 patients with secondary pellagra discussed m this study have been 
obseiwed in the course of mtensive mvestigations of the vanous clmical mani- 
festations of vitamm B-complex deficiencj’’ disease in human bemgs These 
studies were begun in the Universit 3 ’' Hospitals, Cleveland, Ohio, and subse- 
quentlj' have been m progress in the Cmcmnati General Hospital, Cmcmnati, 
Ohio, and theNutiition Clmic at the Hillman Hospital in Birmingham, Alabama 
Cases have been mcluded onl}’- if characteristic pellagrous glossitis and sym- 
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mctncal dermatitis ivere present at the time of observation Subolmical de- 
ficiency disorders and the syndromes of angular cheilosis and peripheral neuritis 
are not considered Wliere studies were mcomplete or the diagnosis m doubt, 
cases n ere discarded The records mclude most of the cases of pellagra seen m 
the Uo Ohio hospitals tor the periods of study endmg with 1939 The records 
from Bmmngham include all completely studied cases seen durmg 1940 and 1941 
A special effort was made to mvestigate all pellagrms m whom it was suspected 
that some factor other than poor diet was chiefly responsible for their pellagra 
They constitute only a fraction of all persons with deficiency diseases studied m 
Bmnmgham m 1940 and 1941 The classification of cases may be seen m Tables 
I and II Smce the two groups considered are representative of pellagra m the 


TABLE I 
Dislnbulton of cases 



1 £KDEM1C 

SECOND UtV 

AtCOHOtlC 

TOTAl. 

Ohio, 1930-39 

17 

140 

115 

278 

Alabama, 194041 

272* 

242 

7 

521 

Totale 

289 

388 

122 

799 


* The pellagrins included here n ore those subjected to special study becaueo it was 
suspected that some disease might have predisposed to pellagra If the entire group of 
pellagrins observed at the Hillman Clime had been considered, the “secondary” column 
w ould probably not contain more than one-fourth of the total 


TABLE II 

Dislnhufton hy sex and color 



WHITE TEJIALE 



COtOSED UALE 

Ohio 

32 

37 

60 

21 

Alabama 

171 

49 

18 

4 

Totals 

203 

80 

74 

25 


endemic area and m a region where it is generally believed to bo uncommon, in- 
eresting contrasts stand out A statistical study has not been attempted 
locause the samples are not strictly comparable and could not be related exactly 
° 'G populations from which they were drawn Nevertheless, the extreme 
vana ions m the pattern of provoking disease suggest significant differences m 
wo regions where the studies were made 

fore t ’’'‘*^'^°Swicsis of pellagra is not established It is impossible, lliore- 
nrcdiso importance of each separate disease or abnormal state in 

portio Pfecipitatmg pellagra Nor is it possible to assign the pro- 

proce^ °h "'ucli should bo placed upon deficient diet and some disease 
a w en the combination has existed prior to the dev elopment of pellagra 
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It IS probable that some of the diseases we will discuss weie not veiy important 
factors One of the worst defects in our Imowledge of secondary or conditioned 
deficiency syndromes is want of an explanation of the fact that apparently 
identical diseases m different persons may be folloived by pellagra, or neuritis, oi 
anemia (either iron deficiency or extrmsic factor deficiency), or by no apparent 
nutritional abnormality This underscores our ignorance of many fundamental 
aspects of nutrition and metabolism It comphcates any attempt to establish 
mmimum dosage of vitamins m therapy and to arrive at some rational estimate 
of that elusive quantum, the mmimal daily requiiement Without definite 
knowledge of the quantity of vitamms needed to piotect agamst a deficiency 
undei varymg envuonmental conditions, it is a far ciy to speculate upon opti- 
mum amounts Even further afield is a solution to the problem of possible 
toxicity from dosage far be 3 ’-ond the customary needs of the body These ques- 
tions are bemg attacked, howevei , by the slow and clumsy methods of empiricism 

Before we can make a logical study of the basic problem of average daily le- 
quirement we must Imow somethmg of the lole played by the B-complex vitamms 
and especialty niacm (mcotmic acid) m nonnal cellular economy Agam we have 
to infer a great deal by analogy All the evidence we have mdicates that at least 
some of the vitamin B factois are essential buildmg stones for respiratory enzyme 
sj’-stems m livmg cells (98) This has been shovm for cei tarn bacteria and yeasts 
Specific molecules must be dehvered preformed m the food smce they cannot be 
built by the cells which need them 'When they aie wantmg, oxidation is dis- 
turbed because of a failure of essential respiratory catalj’-sts Other functions 
maj’’ exist 

^ATien these pimciples are integrated mto an hj’-pothesis concermng vitamm 
B-complex functions m man we can reduce the problem to one of suppW and 
demand Even without exact knowledge of storage and excretion we can form 
a picture of the circumstances incieasmg ^utamm requirement If the enzymes 
built up fiom these Autamins are mediators of cellulai respiration anytlnng which 
inci eases tissue oxidation vull call foi some increase m specific cellular enzj'-mes 
and then vitamm precursors In pellagra the pyridme coenzymes contammg 
nicotmic acid amide are of piimary significance The basic need will be related 
to age, sex, weight, body suiface and total metabolism Growth, gestation, 
lactation, phiJ^sical exeicise, fever, hjqierthyioidism and the burden of parasitic 
01 neoplastic disease vull mciease the need for these enzymes Inactivity and 
the absence of the conditions listed above a\i 11 i educe the requuement Such 
factors have rarelj’- been consideied m approaching the problem of secondary 
pellagra vliich has been confined chieflj’- to diseases of the alimentary canal 

This concept peimits a logical division of the discussion, dependmg upon the 
occurience of a decreased supplj’- of vitamins fiom obstruction along the path of 
intake or in ci eased loss or an elevation of the lequirement to satisfy enhanced 
needs The various headmgs mdicate the utihtj^ of such a separation of condi- 
tions leadmg to secondary"- pellagra In diseases vhere the reason for a com- 
phcatmg vitamm deficiency’’ is obscuie, theoretical consideiations aie offered 
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as suggestions Smce disease of the alimentarj’’ canal is the classical cause of 
secondary pellagra, this u ill he considered first 

IV DISEASES OP THE ALIMENTARA CANiL 

It IS not always easy to distinguish between symptoms which result from a 
wtamin B-comple\ deficiency and symptoms of an underlymg condition which 
gives rise to it Indeed, m many cases the manifold effects of a secondary de- 
ficiency collaborate with an organic disease of the alimentary canal to produce 
a pernicious cycle of disturbances m gastro-mtestmal function which leads to 
increasmgly severe deficiency and perhaps even to death Nausea and vomiting 
reduce food mtake, diarrhea prevents proper digestion and absorption The 
loss of B complex factors needed for normal alimentary' function accelerates the 
downhill trend (26) 

A deficiency of xntamms may arise from functional, as well as organic, dis- 
orders of the gastro-mtestmal tract A person wath an emotional type of ali- 
mentary disorder may be as leady a candidate for pellagra as one who has a 
partially obstructmg carcinoma of the pylorus Poorly selected diet, loss of 
appetite, nausea, vomitmg, diarrhea and perhaps constipation, all must bo con- 
sidered as detrimental to adequate nutation Infections, and metabolic changes 
m association with neoplastic disease may mediate agamst proper nutation by 
humoral mechanisms w Inch w e do not fully understand The simple mechanical 

factors of obstruction and the madequate assimilation of food operate m a clear- 
cut manner The pathogenesis of vitainm deficiencies m abnormal conditions 
of the alimentary canal has been reviewed frequently m recent years (9, 26, 71, 
190, 343, 348, 366) The mam ideas m these articles wall be recapitulated m brief 
hlany mechanisms may be mvolved m the development of ntamm deficiency 
diseases as a sequel to functional and oiganic disturbances of the gastro-mtestmal 
tract Smce the study' of newly synthesized cry'stnllme vitamins m relation to 
alimentary physiology has been of short duration, many important investiga- 
tions have not yet been undertaken A tentative outline of mechanisms which 
may be important in causmg pellagra secondary to alimentary tract disease 
follows 

1 Increased mlcsiinal motility In a study' of vitamin deficiencies m chronic 
uurhea consequent upon organic lesions of the gut, we found that ingested dyes 
or glass beads often appeared m the stool withm four hours after they were 
c" a lowed (26) This type of gastro-mtestmal hyqiermotihty was found m 
cases where pellagra had developed (209) Rapid mtestinal motility may exist 
n patients with organic lesions before tlicy develop full-blowoi vitamm de- 
^ciency syndromes (26) The food is hurried through the alimentary canal 
pha digested properly Absorption is necessaiily poor We em- 

ail or''] T foods which contam nicotmic acid, phosphorus and protein, 

2 ° ^ ' appeal to be of importance in preventing pellagra 

timctli^T^°*^^^ cnrymalic digestion of food It has been recognized for a long 
la certain diseases of the stomach are associated wath a decline m secretion 
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of hydrochloric acid, reimin, pepsin and other ferments As the food is passed 
along the alimentary canal digestion begms with matenal m a moie complex 
state than is the case m normal digestion Certam constituents of the mgested 
food are not broken down until bacteiial action with putrefaction and fermenta- 
tion occurs m the lower portions of the gut Therefore, absorption of normal end 
products of digestion is reduced Digestion and assimilation m the lower ali- 
mentary canal may be disturbed by any lesion which mtei feres wuth normal 
motility, production of digestion ferments, and the capacity of the mtestmes to 
absorb the products of digestion 

It has been suggested that a factor proliferated by the stomach and another 
factor obtamed from mgested food mteract withm the stomach or uppei duo- 
denum, to produce a third substance which is essential for the prevention of 
pellagra Such a process has been advanced by Spies (339), Sydenstricker (350), 
Stannus (343), and Petri (268, 269, 270) from mdependent observ’-ations In 
the absence of any demonstration of these still hypothetical factors, it may be 
assumed that if such an mtei action exists it constitutes the synthesis of co- 
enzymes or the conjunction of the codehydrogenases with their protem carriers 

3 Inadequate absorption Investigations of absoiption in chronic disorders 
of the alimentary canal mdicate a reduction from the normal It has been shovui 
that dextrose, galactose, xylose and lactose are poorly absorbed (134, 186, 188) 
It is probable but not established that there is similar failure of absorption of 
vitamms Chionically diseased areas in the gut, be the cause infection, ulcera- 
tion, scarrmg, atrophy, surgical operation, poor circulation, or fistulae, reduce 
not only the normal surface available for absorption but interfere with digestion 
and motility so that the ordeily sequences of assimilation are peni-erted 

4 Abnormal bacterial flora Many years ago Turner (365) suggested that an 
important factor m chronic low grade obstruction of the alunentaiy canal leading 
to pellagra was the changed bacterial flora m the stagnant region proximal to the 
obstruction This was especially noted in cases of rectal stiicture, but occuiied 
to some extent in obstiuction of the colon, cecum or ileum Turner suspected 
that putrefaction with the liberation of toxic matenal mhibited or mterfered 
v ith normal liver function and so poisoned the entire organism The excretion 
of large amounts of mdican m the m-me of pellagrms was considered confirmatory 
evidence of putrefaction of protem withm the mtestmal canal (319, 320) When 
pellagra developed as a sequel to alimentary tract disorders it was assumed that 
the pellagra-preventmg element m the food was madequate for detoxification of 
hyiiothetical substances hberated by the disturbed alimentary canal (152) 
Infonnation obtamed smce the mtioduction of nicotmic acid may place these 
obseivations in a different light No study has been made of the possible syn- 
thesis of mcotmic acid b}’’ bacteiia m the alimentary canal m man Rats are 
able to synthesize mcotmic acid and vitamin K from food which contams none 
or only traces of these substances Various bacteria can synthesize different 
vitamin B constituents and cattle and sheep are able to enhance the \utamm B 
content of thou mgested ration bj’- bactenal action in the ahmentarj”- canal (201) 

These obsen’-ations m animals cannot be transferred to man, but they suggest 
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the possibility that normal bacterial residents of the alimentary canal, particu- 
larly in the colon, may synthesize certain vitamins It is also possible that m- 
testmal bactena convert \itamins mto enzymes or coenzymes which may be 
absorbed ready made It is likely that variation m bacterial flora explains some 
of the differences m vitamm requirements among the several species of animals 

5 Destruction of vitamins or vtihzation by bactena Under certain conditions, 
bactena m the alimentary canal might destroy, tnaclivaic or use up vitamms con- 
tamed in the food Bacillarj dysentenes where the infecting agent has a high 
nicotmic acid requirement conceivably could lead to the development of pellagia 
by depriving the host of large quantities of nicotinic acid There is no evidence, 
however, that this occurs m man 

6 Possible inactivation, inhibition or binding of vitamins by dietary constituents 
Recent developments m the chemistry of vitamms have revealed a new type of 
maotivation of vitamms, namely the mactivation of biotm by the egg white 
protem, avidm, through a very stable chemical combmation (91) It is con- 
ceivable that certain diets contam proteins or other materials which fix, destroy, 
or mactivate essential ntamins Some such function for cyanogenic substances 
lias been postulated in “riboflavin deficiency” (63) The notion of “toxins” 
as positive agents m deficiency disease may come back mto importance Future 
work along these Imes holds great promise but m the present connection is alto- 
gether speculative 

7 Phosphorylation The cells of the mtestines, just as other cells, have the 
rapacity for phosphorj'lation It is possible, but it has not been demonstrated, 
that disturbance of this function m gastro-mtestmal disease may favor develop- 
ment of deficiency syndromes Some vitamins of the B-complex are active in 


enzyme systems only after phosphorylation, but it remams to be demonstrated 
that pellagra ever follows a primary defect in phosphorus metabolism 
8 Diver damage The development of pellagra m cases of chronic liver disease 
has been recognized for a long tune This suggests that disorders of the liver 


’lay produce vitamm deficiency diseases either wath or without an initml dis- 
turbance of the gastro-mtestmal tract Conversely, the belief that cirrhosis is a 
ueuoiencj, disease is accepted by many workers The lix cr may transform x ita- 
min precursors mto functioning respiratory enzyme systems, and probably forms 
le earner protem Its r61e m storage is presumably of importance also 
9 Additional factors There are important additional factors which increase 
e nsk of secondary deficiency m diseases of the alimentary canal In acute or 
n tlisturbances of the gastro-mtestmal function there may be loss of ap- 
9'^ ' ® It may range all the way from mere failure to enjoy food, to the in- 
^^j.'*''*l''''"'*hangness to eat anything Nausea and vomiting may reduce intake 
ciid'f ' lu disorders of the stomach and upper intestine Infection 

mere an added burden on the respiratory enzyme systems by 

metabolism, may be the final insults which precipitate a deficiency 
recognizable form It is apparent that any antecedent condi- 
danir ' r impaired the niitiitional status of the patient wall mcroaso the 
0 pellagra in the advent of gastro-mtestmal disease 
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A Mouth and throat 

The development of pellagra as a sequel to deformities of oral structure and 
disturbances m oial hygiene has been overlooked m texts on diseases of the 
mouth and on pellagra 

1 Teeth We have found no comprehensive study of the pait played by 
defective teeth or adentia m leadmg to dietary deficiency though there is a great 
mass of literature concemmg the effect of diet on the teeth There are, however, 
many casual references to dental abnormalities precedmg the occurrence of 
pellagia Often changes m diet had become necessary because of unpaired 
bitmg and chevmg "^ffien dental repair was not obtamed, oi consisted of ill- 
fitting appliances, the victim substituted cereals, mush and soup foi a balanced 
diet contammg meats and vegetables 

Sandwith (307) m Egypt and Roberts (290) m Georgia emphasized their belief 
that pellagims usually have sound teeth and Corkhill (68, 69) stated that the 
severity of dental canes was m mverse proportion to the severity of pellagra en- 
counter ed m the Sudan These observations probably hold true for the majority 
of endemic pellagims Sutton (349) and Niles (246) have mentioned bad teeth 
m pellagra, but not as a cause Kilhngsworth (172), however, beheved bad 
teeth a cause of pellagra and briefly reported a study of this problem Snuth 
and Moore (331) were unpiessed with caries and pyorrhea as a cause of pellagra, 
through the agency of focal mfection Paul (266) reported a patient who de- 
veloped pellagra 5 j’^eais aftei removal of the teeth and enforced use of a 
pultaceous diet Takahashi, Ishkawa, Ogawa and Ida (355) believed the edentu- 
lous condition of one of then patients w^as responsible for the development of 
pellagra Welfield (383) mentioned a similar case Reed (293), and Parfitt 
(261) have reported cases where the removal of teeth and tonsillectomy were 
predisposmg factors Mention of dental disturbances mterfermg with nutntion 
IS found m other papers (68, 326, 366) 

Because of the paucity of information regaidmg the teeth m pellagra, we have 
undertaken careful studies on this aspect of the problem m the Nutrition Clmic 
in Bummgham m collaboration vuth Dr A W hlann (215) Y7e found a 
remarkably loV incidence of dental canes but a rather high frequency of disease 
of the tissues surrounding the teeth Many patients durmg the penod of 
developing B-complex deficiencies suffer with nervous symptoms Trivial pains, 
particularly persistent ones, bulk large m then miserable existence Some per- 
sons m such a state may have healthy teeth removed for msigmficant pams 
Others, believing hidden disease m the teeth is the cause of their woe, oi upon 
unfoitunate adiuce, have all the teeth extracted It should not be forgotten 
that calcium depletion of chronic pregnancy and lactation m many of our patients 
ultimately caused dental disease and by makmg it harder to eat sen'^ed to per- 
petuate the pernicious cycle of undemutrition 

Ohscrvahons In the Alabama pellagrms adentia was the underbnng factor 
in 6 vomen and 3 men It was of some importance m dietary restrictions m 
manj' others In one tv elve j-ear old white girl a chrome abscess of the mandible 
had reduced the food mtake to liquids In the Ohio group extensive canes with 
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tooth removal and osteomyelitis of the ]aw was the pnrae cause of nutritional 
failure in foui colored ivomen and adentia was the mam factor in one white 
woman There was another whose pellagra followed the restnotion of food 
necessitated by the tortuies of an energetically eniptmg but impacted wisdom 
tooth One tuberculous white male developed pellagra followmg a fracture of 
the jaw and the fecdmg by tube of a high carbohydrate diet 

2 Diseases of the mouth and throat Smee deficiency of vitamin B-comple\ 
constituents may cause vanous lesions m the mouth, sometimes it is difficult to 
tell how much is cause and how much result of dietary cuitailment Bnclonan 
(46) has suggested that Vincent’s mfection of the mouth is a predisposing cause 
of pellagra It is certamly a frequent result Shelly (317) believed that thrush 
predisposed to pellagra Others consider it a symptom In the absence of 
carefully controlled studies it is proper to reserve judgment concemmg such dis- 
eases as precursors of pellagra Wliatever be their cause they reduce the mtake 
of food and thus enhance depletion 

3 Congenital oral deformities We have observed pellagra develop in patients 
with cleft palate, congenital laryngeal stricture and other deformities, but smee 
these patients had mental deficiencies this could not be evaluated as an isolated 
factor Sandy (308) observed congenital absence of the palate m an msane 
person who developed pellagra Harelip was mentioned by Clark (64) without 


comment as to its possible relation to pellagra 
4 Infections Tonsillitis, streptococcus infection of the pharynx, scarlet 
fever, diphthena and other specific infections of the throat usually are not fol- 
lowed by an outbreak of pellagra Ordmarily such diseases are self-limited 
In cases where nutation pnor to mfection has been very poor, infection may be 
sufficient to lead to the outbreak of a manifest deficiency disease although it is 


not always possible to place the blame specifically on mfection or concomitant 
reduction of food mtake because of pamful swmllowmg or chewing It should 
he emphasized that morbidity and mortality from specific infections tend to be 
higher m the poorly nourished than m the adequately nourished Poor nutri- 
tion maj prepare a favorable ground for infection which m turn makes nutation 
still worse Dorsej (89), Guthrie (139), Parfitt (261), Reed (283), lOngery (174) 
ond Sclare (311) have mentioned pellagra complicatmg tonsillectomy and ton- 
sillitis We have seen 6 cases where pellagra developed after various types of 
acute infections of the tliroat w itli fever and dj sphagia (see Table III) 

0 Neoplasms Davie (80) mentioned carcinoma of the tonsd m a pellagrin 
’U there is no evidence that it preceded the pellagra Many persons suffer 
nutritional deficiency because of the mechanical disturbances in biting, chew mg, 
nn swallowung associated wath a carcinoma of the tongue, lips or pharynx 

1 type of cyst or tumor in the jaw or within the nock, impmgmg upon the 
np lagiis, or mterfenngwath swallow mg, may lead to abnormalities of nutrition 

of lecent reports on cancer of the tongue revealed no mention 

Boquol Our only case where a tumor of the mouth led to pel- 
Hcm adamantinoma of the jaw which mechanically impeded eatmg 

orr lago w ns a contributing factor m this case The belief that cancer of 
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the tongue is frequently preceded b5'' some vitamin B-complex deficiency gams 
no support from our clmical studies No mstance of buccal or Imgual carcmoma 
has occurred m our patients durmg the last thiee years 

TABLE III 


Ahmentary canal 




CASES IN WHICH 

CASES IN 








THE CONDITION WAS 
THE PRINCIPLE 

WHICH IT 
WAS AN 

WHITE 

COLORED 

AVER- 

DISEASE OR CONDITION 



CAUSE 


ACCESSORV 





AGE 






CONTRIB- 





AGE 



Total 

Ohio 

Ala- 

bama 

UTING 

FACTOR 

Fe- 

male 

Male 

Fe- 

male 

Male 

Tooth extraction, osteomyelitis of 









m 

jaw, fracture or tumor of jaw 


12 

3 

9 

6 

4 

4 

4 

— 

mm 

Oral sepsis, abscessed teeth 


4 

3 

1 

2 

2 

— 

2 

— 

B 

Repeated tonsillitis and sore 










throat 


6 

2 

4 

1 

2 

2 

1 

1 

14 

Esophagus (obstruction) 

Peptic ulcer 


2 

2 

— • 

2 

B 

1 

— 

— 

65 

Gastric 


6 

1 

5 

3 


2 

1 

— 

42 

Duodenal 


2 

— 

2 

2 



B 

— 

53 

Old gastroenterostomy 


3 

2 

B 

— 



B 

— 

49 

Gastric carcinoma 


4 

4 

B9 

2 

2 


BB 

— 

49 

Gastric neurosis 


5 

3 

2 

3 

3 


B 

— 

42 

Atrophic gastritis 


— 


— 

2 

— 


B 

— 

— 

Gallbladder disease 

Chronic dysentery 


4 



2 

2 

2 


— 

45 

Bacillary 

Amebic 

4 

1 

m 


4 

3 

2 

3 


— 

56 

Ulcerative colitis 


6 

4 

2 

1 

2 

1 

3 

— 

35 

Tuberculous enteritis 


— 


B 

2 


— 

— 

— 

— 

Sprue 


1 

1 

B 

2 


— 

— 

— 

47 

Celiac disease 


2 

1 

B 

— 


1 

— 

— 

34 

“Worms” 


2 

— 

2 

3 


— 

— 

— 

9 

Hookworm 


2 

— 

2 

— 


1 

— 

— 

31 

Food poisoning 


2 

— 

2 


2 

— 

— 

— 

28 

Repeated catharsis 


1 

1 

B 

— 

B 

— 

1 

— 

36 

Chrome intestinal obstruction 


1 

1 

E9 

— 

B 

— 

— 

— 

35 

Rectal incontinence 


1 

— 

B 

— 

B 

— 

— 

— 

60 

Rectal stricture 


11 

2 

9 

1 

B 

1 

9 

— 

39 

Rectal carcinoma 


B 

n 

B 

— 

B 

1 

— 

1 

41 

Fistula-in-ano 

5 

B 

B 

B 







Rectal abscess 

Recto-vaginal fistula 

1 

1 

B 

H 

■ 

1 

2 

1 

5 

— 

41 

Fecal fistula 

1 

■ 

B 








Hemorrhoids (proctitis, opera- 


B 








tion) 


D 

D 

3 

4 

2 

2 

1 

1 

45 

Totals 

98 

46 

52 

42 

39 

28 

28 

3 



B Esophagus 

1 Stricture and ohstruction Sporadic cases of pellagra resultmg from eso- 
phageal stiicture have been reported by several mvestigators The first is that 
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of O’Leary (252) in 1926 In the same year Sutton (349) mentioned this asso- 
ciation In their senes, Hem and Merrill (155) found one case, complicated by 
alcoholism Gastrostomy and dilatation of the esophagus permitted resumption 
of a normal diet and relieved the pellagra Eusterman and O’Learj (99) have 
observed similar mstances, moludmg cases of esophageal carcmoma, m their 
extensive studies of pellagra secondary to disoiders of the gastro-mtestmal tract 
Recently, Scott (313) has added another Benign esophageal stricture has not 
been mentioned m any American text on pellagra as a predisposmg cause of 
pellagra, though Hams (152) noted complicating pellagra carcmoma of the 
esophagus 

In tno of our cases pressure on the esophagus, once from large lymph nodes 
of Hodglon’s disease and once from a benign tumor, resulted m obstruction which 
eventuated m pellagra One additional patient had obstruction from a car- 
cmoma of the esophagus In another, a diverticulum of the esophagus nas a 
comphcatmg factor leadmg to pellagra 
2 Ingestion of corrosive agents We have observed cases where the mgestion 
of acids, alkalis or tissue poisons such as bichloride of mercury, have been fol- 
lowed by the outbreak of pellagra Following mgestion of corrosive material, 
there IS usually a period durmg which the resultmg stomatitis, pharyngitis and 
esophagitis preclude the ingestion of food and perhaps of fluid for several days 
If a person is tmdemourished already, such an event may lead to a clmically 
Tecognizahle vitamm deficiency syndrome The high caibohydiate content 
of many hquid foods used m the early stages of recovery increases the need foi 
B complex vitamms mthout supplymg them In the case of bichloride of 
mercury, often taken wath suicidal mtent, one should be careful to ascertam the 
victim’s nutntional status pnor to mgestion of the poison We emphasize this 
point because a suicidal attempt may be a manifestation of a pellagrous psycho- 
sis rather than the factor which precipitates pellagra In some cases, however, 
the disturbed alimentation which follows the mgestion of mercury and the asso- 
ciated painful stomatitis and colitis may be the most important factors leading 
to pellagra 


of 


C Stomach 

One of the first clear-out examples of secondary pellagra occurred m a victim 
carcinoma of the stomach with partial obstruction which mterfered wath 
•'utntion (293) Although the relationship of cause and effect W’as not apparent 
“ the time, the report clearly mdicates the temporal relationship of the two 
iscascs Disturbances m function and in structure of the stomach have le- 
<^oi\cd more attention in studies of secondary pellagra than lesions m any other 
part of the bodj Thej mclude cardio- and pjlorospasm, ulcers, neoplastic 
Kcasis of all i ariety, gastritis either non-specific or resultmg from oi er-use of 
syphilis of the stomach In fact, almost any disturbance which 
sec ‘ifomach Ins been imphcated at one time or another as a cause of 

leaT Pallagra (343) The reasons why abnormal function of the stomach 
tap s ha\e been outlmed m the first part of this section In certain 

aai a ditioiial factors play a part Vomilinc is ant to be an imnortant acconi- 


14 


W B. BEAN, T D SPIES AND M. A BLANICENHORN 


paniment of obstruction m the stomach and the attendant alteiation of electro- 
lyte and fluid balances may cause disturbances m othei essential functions of 
the body Remedial or palliative diets may not contam a propei balance of 
food elements and vitamms so that dieto-therapy actually may mciease the 
dangei of a vitamm deficiency'’ (105) Hemorrhage fiom lesions of the stomach 
IS not a frequent factoi m precipitatmg a deficiency disease, but we have seen 
an occasional patient vuth severe or lepeated hemorrhage in whom a vitamm 
deficiency syndrome developed only to clear up after repeated transfusion 
Such cases usually have other factors which predispose to their deficiency We 
have not seen uncomplicated hemoirhage result m pellagra 

1 Carcinoma of the stomach The first cleai-cut example was that published 
by Rolph (293) in 1916 He observed typical pellagra develop durmg the 
couise of gastiic cancer In 1919 Bryan (49) observed pellagia in a patient 
with a gastiic ulcer which had undergone mahgnant change and produced partial 
obstruction Follovung gastrectomy the patient recovered from the pellagra 
Shattuck (315, 316) mentioned cancer of the stomach m one of 144 pellagrins 
m Massachusetts, but found that m only one of 500 patients with gastric carcmoma 
had the diagnosis of pellagra been made 

The fiist comprehension of the relationship was mdicated by Bender (30) 
who leported pellagra m two patients mth gastiic cancer and stated that this 
association favored dietary deficiency as the cause of pellagra Sutton (349) 
and O’Leary (252, 253) mentioned additional cases lOauder and Wmkelman 
(175) found one man ■with an mopeiable carcmoma among their alcohol addicts 
ivith pellagra This emphasized the multiplicity of underlymg disorders which 
might be found Tumei (365) mcluded two examples of pellagra folloivmg 
gastiic carcmoma Takahashi (355) observed a similar case 

Great impetus to the study of pellagra m regions wheie it is not endemic came 
from the extended observations of Eusterman and O’Leary (99) on secondary 
pellagia In one of their leports they mcluded two cases of cancer of the pyloric 
end of the stomach, and m other reports mention additional cases Boggs and 
Padgett (39) mentioned four instances of carcmoma of the gastro-mtestmal 
tract without specifynng the location We (26) reported 5 such cases and have 
seen one additional case Others may be found m scattered articles (33, 85, 145, 
146, 326, 329, 343, 348, 351, 363, 366, 367) 

Sox'eial general remarks are pertinent More than forty cases of pellagra as a 
sequel of cancer of the stomach have been lepoited Upon analysis there were 
twice as many men as women m contradistmction to the proportion m endemic 
pellagia The aveiage age was significantly higher than m endemic pellagra 
In many ca'^es, chronic partial obstruction, hemoirhage and operations were 
factoi s jMost patients did not long sumve the appearance of pellagra Thus, 
the morbidity, complications and mortality of pellagra of this type aie moie 
closely 1 elated to the underlymg disease than to endemic pellagia 

2 Pepbe idea Peptic ulcei vas not mentioned by the early pellagrologists, 
even as an incidental finding m pellagra Most instances are m American 
reports, especially in lecent yeais Ulcer is associated with many functional 
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disturbances — pam, anorexia, nausea, vomiting The diets chosen for ulcer 
therapy often ha\ e been notonously ill-conceived as to vitamm content Keus- 
ser (244) mentioned old and recent ulcers of the stomach m pellagra and Niles 
(246) made a sunilar observation Bryan’s patient ivith cancer of the stomach 
had suffered from gastnc ulcer before the cancer and pellagra appeared (49) 
Graves (126) observed two patients mth peptic ulcer m whom operation precipi- 
tated pellagra, while Bender (30) observed a case where operative removal of 
the ulcer was followed by relief of pellagra Eusterman and O’Leary (99, 100) 
encountered patients with a large gastric ulcer or multiple gastnc ulcers who 
del eloped pellagra These authors were the first to record several cases m a 
single report Meyer’s patient suffered from pyloric stenosis compheatmg ulcei 
(229) All evidence of pellagra disappeared follow mg radical cure of the stenosis 
In Dennis’ case of cancer, ulcer at the pylorus was the primary lesion (85) 
Smith and Stevens (329) found 24 of their pellagrms had either ulcer or cancer 
of the stomach as the mitial disorder though their cases were not further sepa- 
rated Others (107, 155, 156, 326, 343, 348, 351, 366) have discussed this asso- 
ciation Hawksley (154) was impressed by the poor diet m his patientwath 
peptic ulcer who developed pellagra Two cases of “non-maidic” pellagiam 
victims of stomach ulcer have been reported recently (368) Musser (242) 
observed a sumlar sequel of ulcer and Sippy diet where vomitmg was promment 
Mctheny, Northrop and Brown (228) discovered pellagra m a case with hernia, 
gastric ulcer and hemorrhage where operation was a precipitating agent Field, 
Robinson and Melmck (107) have made a special stud} of the problem of vitamm 
deficiency m peptic ulcer The)' have observed several cases of pellagra develop 
dunng the course of therapy wath alkalis and diet 
As m caremoma of the stomach, pellagra secondarj to gastric ulcer has been 
observed more frequently m men than women In our cases, gastric ulcer was 
the detcrmmmg factor sl\ tunes, only once m the Ohio group Only two of 
the patients were women 

3 Gastnlts and related disorders In no other phase of the problem of second- 
ary pellagra is there greatei difficulty m ev aluating cause and effect of alimentarj' 
disturbances than in cases supposedly due to gastro-mtestmal disoiders From 
the vet)' first wntings it was recognized that pellagra might produce s)'mptoms 
referable to any segment of the alimentary canal This has been amply sub- 
stantiated For this reason one must be careful not to attribute pellagra to 
stomach trouble” where this is merely one of its protean masquerades 
McCarnson (198) was the first to demonstrate the mterconnection of certam 
ood factors with normal physiology' of the digestive processes He remarked 
in evpcruuental animals on a deficient diet without vitamm B there is loss of 
appetite, impaired digestion, diarrhea, colitis, unhealthy skin, low tcmperatuio, 
ow icspiration, cardiovascular depicssion, progressive anemia and asthcnii 
ong e ore nen ous symptoms are produced Do not these form a disease 
I at '^'"'firen especially , w Inch is as familiar as its cause ls unrecognized?” 

- er umett and Howe (52) summanzed the relation of malabsorption and 
icicncv Liscascs, reviewing the literature relating to poll igra Though much 
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of tlie evidence thej'- gave for malabsorption may be mterpieted as a result 
lather than cause of pellagia they emphasized the pait plaj’-ed by the severe 
diarihea m mcieasmg and peipetuatmg the loss of Autamins 

Turner (365) was the fust mvestigatoi to stress the part played by organic 
disease of the gastro-intestinal tract m pellagra m the South though there had 
been several observations on sporadic cases m regions where pellagra was recog- 
nized mfiequently (30, 170, 250, 251, 253, 293) It was his impression that 
changes m the fioia of the gut proximal to diseased areas led to the absorption 
of “toxms ” Subsequently others (44, 65, 160, 355, 359) have emphasized the 
role of gastric disordeis as potential forerunners of pellagra Thaysen’s observa- 
tions gave a strong stimulus to clmicians m Scandmavia who have contributed 
many reports of secondary pellagra 

After Spies and DeWolf (338) had demonstrated the identity of endemic and 
alcoholic pellagra it was suggested by Zimmerman, Cohen and Gildea (402) 
that disturbances of digestion and absorption might exist in alcoholic subjects 
to such a degree that the anti-pellagra factor might not be absorbed even if eaten 
in adequate amounts In such mstances parenteral admmistration might be 
effective This concept implied that the alcoholic beverages damage the digest- 
mg and absorbmg capacity of the alimentarj'- canal Smce pellagra can be 
leheved m such patients by the use of specific therapy while large amounts of 
alcohol are mgested this idea has little support but it has not been disproved as 
an auxihaiy factor 

Strauss (348) was one of the fiist to systematize the concept of a primary 
gastio-mtestmal failure, rather than food failure, as a cause of nutritional dis- 
eases In his paper entitled “The Role of the Gastro-Intestmal Tract m Condi- 
tionmg Deficiency Disease The Significance of Digestion and Absorption m 
Pernicious Anemia, Pellagra and “Alcoholic” and other forms of Polyneuritis,” 
he reviewed the literature of secondary pellagra up to that time He pointed 
out that although Fenwick (106) had emmciated such an hypothesis m 1880 it 
remamed foi Castle (59) to demonstrate the mteractmg forces mvolved in the 
process and to establish by experiment upon human bemgs a new school of 
thought m nutiition 

Stannus (343, 344), after a careful appraisal of the literature on secondaiy 
pellagra, concluded that gastiitis was present m some form whenever pellagra 
followed alimentary tract disordeis He was particularly struck by the fre- 
quency of hypochloih 3 ’^diia, achlorhj'^diia and achylia This led him to hypothe- 
size an mtimsic-extimsic factor mtei action operating to prevent pellagra analo- 
gous to that preventing permcious anemia 

Neussei (244) and Lombioso (193) long ago pomted out the dimmution or 
absence of fiee hj^diochloiic acid from the gastric juice of pellagrins All sub- 
sequent obsers’crs have confirmed this observ'ation The American reports on 
this subject have been lei leved bj’' Mulholland and I4mg (238) who contributed 
a special analj^sis of the relation of abnormal gastric secretions to other mani- 
festations The}' concluded that although acliloihj'diia was very frequent m 
pellagra, and particulailj' in the seiere variety, it had no obligatory association 
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Tnth any sign or sjTnptom It was permanent m some and disappeared m others 
after therapj Lack of free gastnc h 3 drochlonc acid maj' long precede eandence 
of pellagra or may appear as a manifestation of acute relapse No data are at 
hand to proie that achlorhydna, even long antedatmg diagnostic lesions m 
pellagra, maj not be a result of mndequate aitamm mgestion On the other 
hand manj people have achlorhj dna for long periods and nei er dev elop clinic il 
pellagra or even sjauptoms suspicious of subchnical deficiencj One can smipl 3 
conclude that achlorh 3 dna, h 3 TJochlorh 3 dria and ach 3 'ha are sometimes pro- 
disposing mfluences, sometimes component parts of the pellagra s 3 Tidiome A 
strong cham of evidence should be available to demonstrate that a givxn case is 
secondary to acldorh 3 dna Several possible cases have been reported (4, 40, 
137, 139, 141, 342, 343) 

As an important indication of the harm produced b 3 lack of normal gastric 
jmee, we have found that removal of large quantities of gastric juice facilitates 
the development or relapse of pellagra when a vitamm B “free” diet is used over 
long penods (335) Metheny, Northrop and Brown (228) mentioned gastric 
suction as a possible predisposmg factor m one of their pellagrins 

4 Almcntary malabsorption The problem of ahmentar 3 ' absorption m pel- 
lagra is comphoated by many poorly understood variables Hcrcditar 3 ' predis- 
position has been imphcated by those who believe pellagra develops rcadil 3 m 
certam persons with defective powers of absorption Studies of absoiption of 
specific pellagra-curative matenals arc lacking m normals and pcllagrms In- 
direct evidence there is aplenty Spies and Chmn (340) have shown that pel- 
lagra may develop m certam apparently normal persons catmg what is for the 


average person a well balanced diet It is known that absorption of sugars is 
grossly abnormal m patients with vitamin B complex deficiency diseases and in 
some this ma 3 be restored to normal followang proper themp 3 ^ Wliethor an 
inherent absorption defect is a cause of dcficicnc 3 ' diseases, as it may be a result, 
■s unknown Many phases of this subject have been discussed by various 
investigators (10, 26, 30, 40, 73, 134, 141, 182, 188, 196, 210, 214, 227, 270, 288, 
313, 348, 350, 351, 365, 306) 

Expenments have 3 uelded some information on this problem Lattes (ISO) 
M shown that rats on normal diets absorb glucose and xylose at a certam rate 
■"hercas, when kept on a diet poor m vntamm B, the absorjition falls to a level 
only 40% of the control v ahie The extensive studies of Petri and his collabora- 
rs (208, 209, 270) have shown that m some experimental animals a charac- 
cnstic “pellagra-like” sj ndromo dev elops after gastrectomy This mav be pre- 
'ented or paitially relieved by^ feeding stomach propaiations whereas it is not 
cured by nicotinic acid “Gastioprival” pellagra is similar to dictojinval pol- 
egm m the animals studied This lias been used as an argument for belief m 
n mtrmsic extrinsic factor pathogenesis for pellagra That a similar patho 
cn«is operates in hunian beings ls bv no moans proved hliich of the early 
c co'’f™"cd as far as dietary' factors were concerned 

BIT, ' stomach Observers have noted a high mcideiieo of syphihs 

ong pellagrins (13, 14), but the cau'c and cllcct rclationshij) liius never been 
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demonstrated Theie aie two reports of syphilis of the stomach, however, 
complicated by pellagra The first was a case of gumma reported by Turner 
(365) Eusterman and O’Leary (99) reported the other We have not encoun- 
tered this combmation 


D Duodenum 

The possibihty that the duodenum as weU as the stomach is important in 
transformmg the \utamms liberated hy digestion mto more complicated mate- 
rials has been emphasized by workers who beheve that pellagra depends on the 
failure of mteraction between mcotmic acid (an extimsic factor) and some as yet 
unidentified factor m the stomach or adjacent duodenum (152) In oui experi- 
ence the only lesions m the duodenum, excepting fistula, which have led to the 
development of a secondary deficiency disease weie those which occurred as a 
part of some generalized mtestmal disease oi from an ulcer which had led to 
pyloiic obstruction with its attendant disturbances 

Duodenal ulcer was mentioned by Wood (392) and Niles (246) m their texts 
on pellagra though it was not encountered frequently It was not until the 
comprehensive studies of Eusterman and O’Leary (99) on pellagra secondary 
to benign and caicmomatous lesions and dysfunction of the gastro-mtestmal 
tract that duodenal ulcer was considered a potential precursor of pellagra 
Four of their 13 cases had duodenal ulcer Usually pyloric obstruction, or 
various operations had further deranged alimentary function Raman observed 
pellagra follovung an operation for duodenal ulcer Metheny, Northrop and 
BrovTi had a similar case of chronic ulcer where poorly chosen diet predisposed 
and pellagra followed operation and treatment with parenteral dextrose and 
gastric suction Other examples are recorded (189, 190, 348, 400) 

We have observed pellagra four tunes as a complication of duodenal ulcer 
In two patients the onset of pellagra followed a severe hemorrhage The age 
and sex distribution of reported cases reflected the clmical background of ulcer 
rather than endemic pellagra 

Duodenal feedmg has been mentioned (49, 308, 358, 359) In all cases it 
appears that the undeitymg lesions rather than duodenal feedmg as such were 
important in the development of pellagra 

E Jejunum and Ileum 

1 Ohsiructire lesions Localized disease of the jejunum is a rarity The only 
reported case givmg use to pellagra is one of stenosis of the jejunum (365) 
The ileum, hovever, has a large surface important m digestion and absorption 
In addition to tj^ihoid fever several diseases of or m the ileum may be important 
Nuzum (250) in 1925, was the first to pomt out that disease localized m the 
ileum could produce such profound disturbances m nutrition that pellagra re- 
sulted He reported two cases of partial mtestmal obstruction from annulai 
carcinoma of the termmal part of the ileum complicated by pellagia A similar 
sequence of events was recorded m a Cabot case report (54) Strauss (348) 
saw the same result from a scar with partial obstruction Dodd (88) reported 
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a similar sequel to congemtal stenosis of the ileum The underlying lesions m 
these cases were not recognized until autopsy 

2 Non-specific regional granuloma Deeks (84) mentioned pellagra as a com- 
plication of “chronic ulcerative enteritis ” Thrash (362) mentioned tiio cases 
of nonspecific mflammatory lesions and atrophy of the gut He behoved they 
Here caused by pellagra rather than vice versa Golden (122) reported the 
first instance of pellagra in regional ileitis, makmg casual reference to a case in 
the legend explammg an X-ray film Others (58, 208, 211) have emphasized 
regional enteritis of the granulomatous type as a forerunner of deficiency 
syndromes 

3 Tuberculous entenhs The first demonstration of a possible relation of 
pellagra to tuberculosis of the mtestmes ivas recoided by Bardm (17) who found 
charaoteiistic lesions after death m 3 of 5 pellagrins Though he emphasized 
the fact that pellagra also predisposed to tuberculosis the clmical history indi- 
cated that the mtestmal tuberculosis preceded pellagra m his cases Niles (246) 
mentioned other cases A special report stressmg the secondary nature of the 
pellagra m tuberculous enterocolitis was published by Ellis (96) He seems to 
have been the first to state directly the cause and effect relationship Turner 
(365) emphasized this comphcation Langworthy’s case (183) seems to have 
been a similar one More recently Brester and Hulst (45) and Musser (242) 
have reported cases Bean and Spies (26) have shown that in addition to 
infection the chronic diarrhea m mtestmal tuberculosis is an important cause 
of the pellagra which occurs as a sequel 

F Vermiform appendix 

Pellagra as a sequel to disease of the appendev is rare Itfiiere it does occur 
usually there have been complications such as nausea, vomitmg, fever, operation 
and not rarel> abscess or pentonitis Jclks (167) mentioned the frequent occur- 
rence of pellagra followmg operations for appendicitis Roberts (290) reported 
appenchcitis as a comphcation of pellagra Harris (150) and Stannus (343) 
have reported pellagra followang operation for supposed appendicitis Not 
without reserve should pellagra followmg appendicitis be accepted as socondarj’' 
because some of the prodiomal complamts m pellagra mimic notoriousl 5 those 
of so called chronic appendicitis An operation may be the precipitatmg incident 
of a latent pellagra 

G Colon 

1 Vlccraltve colitis The earliest record of ulcerative colitis followed by pel- 
lagra occurs in the article by Deelcs (84) vnth no comment on the association 
no Barnes (IS) goes credit foi throwing light on the r61c of ulcerative colitLS m 
producing pellagra He observed it develop m spite of ample diet and believed 
that the duscosed bowel could not absorb adcqiiatelj the pellagra preventive 
actors The ne\t report was Turner’s (365) Larimoro (185) noted a case 
a out the same time, and mentioned two similar cases vvathoiit details Eustcr- 
nian and O’Lcarv (99) observed another Tliaysen (357) included a case with 
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ulcerative colitis The hterature contains many scattered references (7, 8, 88 
114, 124, 141, 145, 161, 207, 209, 274, 341, 348) Bean and Spies (26) have 
shovm that exacerbation of the diairhea m ulcerative colitis may lesult in 
development of lesions of pellagra which clear up with control of the diarrhea 
while the diet, exercise and other factors remain constant Several cases of 
ulcerative colitis leadmg to pellagra are mentioned m Harris’ text (152) He 
goes so far as to say that “any patient with ulcerative cohtis should be legaided 
as a potential pellagrm ” The syndrome of mucous cohtis as a cause of pellagia 
has been mentioned (108, 135, 152, 348, 349) It appeals the mechanism is the 
same as m ulcerative colitis One should remember that spastic colon and 
mucous stools may be a sequel of pellagra and vitamm deficiency, part of the 
clinical picture rather than a cause 

2 Gastrocolic shunts In addition to the not mfrequent occurrence of pellagra 
after gastroentei ostomies acquired surgically, cases have been repoited com- 
phcatmg other shunts Mackie, Eddy and Mills (211), Bean and Spies (26), 
and Eusterman (101) have seen this sequel to gastrocolic fistula and gastro- 
jejunocolic fistula In these cases the role of hypermotile diarrhea seems 
to be prepotent A recent report by Gray and Sharpe (127) mcludes 9 cases 
of peUagia followmg m the wake of malfunctioning gastro-jejunocolic fistulae 
They piesent evidence that the senous nature of this deformity and its surgical 
treatment may be largely the result of comphcatmg vitamm deficiency 

3 Caranoma Pellagra has been leported as a sequel of disease processes 
m various portions of the colon Caicmoma ivith obstruction, hemonhage, 
anemia, metastases and occasional operation, is frequently implicated The 
first reported case was EUiott’s (94) ''The lesion was in the cecum The pa- 
tient was reheved of the pellagious manifestation by dieto-therapy befoie suc- 
cumbmg to the cancel Other cases are on record (26, 77, 99, 141, 152) 

Turner (365) has seen pellagra occur m a patient -with stenosis of the cecum 
Thaysen (357) obsen'^ed pellagra m a woman mth megalocolon We have seen 
pellagra develop in a child vnth Huschprung’s disease (24) 

4 Hypermotile diarrhea The lole of hypermotile diarrhea m nutiitional 
failuie has been remewed (26, 211) This problem is difficult because dianhea 
IS a manifestation as well as a cause of pellagra For this reason it has been 
impossible to evaluate much of the older liteiatuie Though Decks (84) and 
Lambeit (180) observed mstances of diairhea followed by other signs of pellagia, 
Burnett and Howe (52) appear to have been the first to suggest that diarrhea 
might be a cause of pellagra m man Boggs and Padgett (39) observed 3 cases 
of pellagra developmg in the course of a chronic diarrhea Turkish prisoners 
m Egjqit m Woild War I got pellagra only if they had disease of the gut vath 
diarrhea Similar reports have come from India Othei instances aie given 
(44, 141, 178, 264, 326, 328) The majority of cases of pellagra developmg as a 
lesult of chrome dianhea aie discussed under the disease causing the dianhea 

5 Bacillary dysentery Though di'senteries caused by various bacilh are not 
diseases confined to the colon, the most mtense disturbances occur m the colon 
Pellagra is not recognized as a fiequent sequel of bacillaiy dysentery unless it 
becomes chrome 
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Sambon (303) was the first to point out that pellagra might follow in the wake 
of dysentery though he did not report any cases Deeks (84), Manson-Bahr 
(218) and Roberts (291) also observed pellagra durmg the course of dysenteiy^ 
Yang and Hu (395) and later Yang and Huang (396) reported from China pel- 
lagra occurring as a sequel of chronic bacillary dysenteiy Biggam and Ghali- 
oungui (35) stressed various entenc diseases formmg the substratum of pellagra 
m Egypt and mentioned bacillary dysentery' Panja (259) observed the same 
sequence of events m India Greenfield and Holmes (130) were the first to 
record the type of mfecting organism (B Shiga) in tlieir case of pellagra Pasha 
(2G4) extended the findmgs of Egyptian observers with a report of 9 cases of 
“dysentery ” In Amencan literature the only report of several cases of pellagra 
following dysentery was by Bean and Spies (26), who observed three mstances 
Of these tw o w ere Plexner and one Shiga Dodd (88) obsen'ed a case m a colored 
child ten months old 


H Rectum 

1 Rectal slnduTC The association of pellagra and rectal stricture is fre- 
quent Almost invariably the lesion develops as a consequence of lymphopathia 
veneieum and nearly all reported x'lctims have been colored females Includmg 
our 11 instances, 51 cases are recorded In the Southern States where both 
conditions have been prevalent for years the part played by rectal stricture as a 
cause of pellagra was not emphasized It lemained for Joyce and Seabrook 
(171) to report the first case In their patient hemorrhoidectomy 7 years pre- 
viously had resulted m a lectal stricture After increasmg nutritional disability 
pellagra finally appeared Next Crutchfield (77) reported 4 cases In a study 
of lymphogranuloma. Von Haam and Lichtenstein (140) reported pellagra m 7 
colored female patients with rectal stricture Fourteen per cent of the colored 
patients with stricture (all females) had pellagra at the time they were observed 
Since pellagra has not been reported as a result of lymphogranuloma m males 
it IS certam that the rectal stneture and its attendant lower bowel disturbances 
are responsible, rather than any systemic effect of the disease such as the changes 
m plasma globulm Other cases have been seen (26, 114, 225, 274, 313, 351) 
Hams (152) is inclined to attribute pellagra in these cases to liver disease arising 
from a hypothetical toxin liberated from the colon In the absence of specific 
cudcnce to the contrary it may be assumed that rectal stricture results in disease 
of the bowel with some obstruction and a deficiency of nicotinic acid and other 
actors follows from disordered digestion and absorption 

Vc ha\o observed pellagra in 9 colored women with the rectal stricture of 
y mphopathia venereum One elderly white woman with rectal stricture com- 
p mating the removal of tlie utenis and radiotherapy' for caremoma developed 
pellagra TEo other patient was a white male m whom stneture follow'od an 
unticatcd fistula Of the 51 recorded cases all but 3 were colored females Tlic 
av erage age w as 29 y ears A representative case follow s 

Cflsc report L W , 2S year old colored female Been in Birminglmm, Alabama in 19-10 
tliM^i r ’"°*"®rdied of pellagra, but tliercwasnoothcr history of deficiency disease For 
we X ears the patient had been troubled by chrome diarrhea nssoeiated u ith n rectal 
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stricture resulting from lymphopathia venereum Her first attack of pellagra occurred tu o 
5 ’’ears after this began Her diet had been moderately deficient in proteins, calories, cal- 
cium, phosphorus and iron as u ell as the B-complex vitamins She had been troubled with 
insomma for more than a year and had visual and auditory hallucinations for several 
months Vaginitis was a source of distress and there had been only two normal menstrual 
penods within the last two yeais She had occasional episodes of dizziness, blurred vision 
and lacrimation When first seen in March, 1940, she had pellagrous dermatitis and glos- 
sitis, photophobia, pain and edema of the Ion er extremities She was extremely weak and 
had lost much weight, weighing only S6 pounds at the time of the examination The tongue 
was fiery red and painful and there were whitish areas with piled-up sodden debris where 
Vincent's organisms were found in great numbers There was redness of the posterior 
pharynx similar to that of the tongue The lips, especially the lower one, revealed cheilosis, 
and characteristic angular stomatitis appeared at the corners of the mouth The skin of the 
hands and feet showed advanced pellagrous dermatitis Neurological examination revealed 
such indications of neuritis as spontaneous pain and pain on pressure over the calves, very 
weak knee jerks and absent ankle jerks Biopsy of the terminal portion of the internal 
branch of the anterior tibial nerve was taken on May 22, 1940 It revealed extensive loss of 
myelin She was treated with pyrazme monocarboxylic acid, 1 gram a day for 3 days, and 
the same amount of nicotimc acid amide for the next 4 days There was improvement in 
the tongue and in the general condition, though not complete relief, Pams in the legs per- 
sisted Fifty milligrams of thiamine were given intravenously every day for 10 daj's and the 
leg pains ceased Subsequently administrations of riboflavin, pantothenic acid and py- 
ridoxin were followed by further improvement in the general condition, but she did not 
recover completely and continued to have very severe diarrhea The serum proteins were 
below normal, but did not increase in spite of a high protein, high vitamin diet Although 
given large quantities of yeast, the patient did not recover completely It w’as impossible 
to bring her to a condition where an operation might have helped 

This case reveals the difficulty lu treating multiple deficiency diseases when 
there are lesions in the gastro-mtestmal canal which disturb its function Injec- 
tions of vitamins aie valuable m such cases but it is manifestly impossible at 
the present time to supply all the nutritional requirements by parenteral 
means only 

2. Carcinoma of the rectum Shattuck (315) leported an mstance of pellagra 
secondary to carcmoma of the lectum m 1923. Another case was observed by 
Sydenstncker (351) and we have observed 2 cases 

3 Fistula-in-ano Turner (365) observed a case of pellagra m a patient with 
fistula-m-ano We have observed five cases In three, rectal abscesses oc- 
cuned, and chronic infection complicated the picture In one there was also 

a rectal stiictme v , 

4 Redo-vaginal-fisiula Lambeit (180), Turner (365) and Scott (313) have 

each observed instances of rectovagmal fistulae which eventuated m pellagra 
We have seen one case 

5 Cloaca Tumei (365) has observed a case follorving thrs rare deformity 

6 Fecal fistula Sutton (349), Walsh and Norton (381) and Davies and 
McGregor (81) have observed pellagra m patients with long-standmg fecal 
fistula We have observed pellagra once when this condition followed operation 

on the uterus -nr 

7 Rectal abscess Turner (365) obserx'ed pellagra m this condition We have 

observed two mstances of pellagra complicatmg anal fistula and rectal abscess 
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8 Hemorrhoids Hemorrhoids are not mentioned m the hterature in asso- 
ciation inth pellagra We have observed 6 mstances where this seemed to be 
the most important predisposmg cause Particularly was this true when there 
had been severe hemonhage and one or more operations mterfermg -with sphmc- 
tor control 

9 Rectoccic and q/siocelc We hai e observed a single instance of a multipara 
vho developed pellagra followmg prolonged and severe mcontmence from a 
combmed rectocele and cystocele vath local infection 

10 Rcclal polyp A case of rectal polyp which caused diarrhea and eventu- 
ated in pellagra was obsen ed b 3 ' Scott (313) Immediately following removal 
of the polyp the diarrhea nas reheved and the pellagra disappeared 

11 Intemperate or repeated catharsis As long ago as 1847 Caldenm (55) 
observed pellagra develop as a sequel to repeated seh-mflicted purgation A 
similar association was recorded in the wntmgs of Strambio (347) The signifi- 
cance of this observation was not understood and it was soon forgotten Stan- 
nus (343) recentlj has mentioned o\er-use of laxatives and cathartics We 
ha\ 0 made use of this procedure in attemptmg to mduce clmical signs of vitamin 
deficiencies With a subject eatmg a diet poor m B vitamins, repeated catharsis 
induced by castor oil or epsom salts reduces the time required for the develop- 
ment of pellagra This is most readilj demonstrated in causing relapse of pel- 
lagrms m remission (24) 

I Pellagra secondary to parasitic disease of the intestines 

Discoieiy of many parasites m the stools of pellagrms contnbuted one of the 
manj puzzhng problems when pellagra nas considered to be an infection Some 
belicied \anous parasites to be the specific causative organisms while others 
belieied thej were only secondary mxaders m a debilitated host The first 
reference to parasites m pellagra was made bj Strambio (347), who mentioned 
finding lumbnci in the esophagus and stomach of a pellagnn Other references 
nppear m early European reports (150) Reports on pellagra m Egypt had 
emphasized the important predisposmg influence of vanous intestmal parasites 
should he pomted out that the only evidence of the secondarj nature of the 
pellagra is the clmical observation of time relationship In some mstances it is 
not unhkcl} that the parasites discovered were themselves secondarj mvaders 
'milar to moniha infestation so often found m spnio We will consider hero 
e parasitic diseases most often complicated bj pellagra 

Amebic dysentery 

‘reparation of amebic from baciUarj' dysenterj and distinction between palho- 
^^e and non-pathogemc amebae were established earlj m the 20th Century 
tio of djsenterj wath pellagra was observed soon after the rccogni- 

m pellagra bv Amencan phj'sicions Allen (5) was first to report amebae 
"ho'f pellagrms He was seconded bj Siler and Nichols (319, 320) 

eomhu'*'''^ “mebae m fiv e times as manj pellagnns as contrils under the same 
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Long (194) reported that 50 of 52 pellagrins examined by him had amebae 
m the stools Thormgton (361) emphasized this association Young (398) 
went so far as to state that “amebae are found m every case of pellagra at some 
stage of the disease » Wood (392), Roberts (290) and Lynch (197) each noticed 
the bad effect of amebiasis on pellagra and vice versa Ormsby (255, 256) 
voiced the opinion that amebae were a coincidental findmg The extensive 
studies of the Thompson-McFadden Commission (322, 323, 324) emphasized 
the role of chronic dysenteiy m paving the way for pellagra Jelks (168, 169) 
has mamtained stoutly that amebic infestation is the specific cause of pellagra 
Durmg the past decade there have been many reports Viswalmgam (378) 
emphasized this condition m India Yang and Hu (395) and Yu (399) observed 
amebae m pellagra in Chma Fakhry (163) found that 63 of 65 pellagrms had 
amebae, twice the mcidence m control groups One or more cases where amebic 
infestation antedated pellagra have been recorded frequently (6, 22, 26, 46, 50, 
67, 83, 93, 113, 264, 294, 295, 300, 313, 318, 342, 365, 398) 

Hookworm 

The distribution of hookwoim and endemic pellagra are very much the same 
the world over, suggestmg a relationship between them It is of mterest to re- 
call that pellagra was first identified m Egypt by Sandvuth (305, 306, 307) m 
patients ivith hookworm disease Similarly in the Southern States, H F Harris 
(148) reported a case of ankylostomiasis m a patient presentmg typical signs of 
pellagra Simonmi (325) m Italy found that 80% of all children with pellagra 
were infested mth hookivoim Sambon and Sder later identified this as the 
European variety of hookwoim Sambon (303) said, “ankjdostomiasis is 
undoubtedly of importance as a predisposmg factor" m pellagra Tins has been 
emphasized lepeatedly ICnight (176) reported that of ten pellagrins m one 
family, 8 had hookworm Siler, Gariison and MacNeal (323) were impressed 
mth its importance in children Parrish (263) advocated thymol as a cure for 
pellagra because of its efficacy m pellagrins with hookworm infestations The 
world-wide impoitance is leflected m the reports from many countries (6, 7, 35, 
43, 92, 114, 203, 222, 237, 240, 264, 286, 290, 317, 361, 364, 378, 387, 393, 399) 
In association with Dexter, we (87) made a careful studj’- of mtestmal parasites 
m pellagrms in Alabama In 110 cases exammed, hookworm ova were recovered 
in only one mstance, uhich mdicates that m this particular locality hookwoim 
does not now appear to be an important contributmg cause of pellagra 

Schistosomiasis 

The association of pellagra with schistosomiasis w^as first recorded by Sand- 
with (304, 307) m his classical studies of pellagra m Egypt His tables mdicated 
that pellagra was more seiious in schistosomiasis than m uncinariasis The 
reasons for this complication of trematode disease aie not difficult to understand 
First it occurs among the poverty ridden fellaheen who are exposed to conditions 
m which parasitic mfestations and malnutrition are rife The disease itself 
may mterfere wuth nutrition by causmg rectal stricture or fistula Secondary 
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infection and hemorrhage contnbute to what often becomes a profound anemia 
Finally the associated cinhosis may become severe and further impair the nuta- 
tion of the host 

Biggam and Ghahoungui (35) have reported their extensive studies m Cairo 
and found that 94% of all of their pellagrms had some parasitic infestation, 
with bilharziasis leadmg the list Other leports (8, 267, 317) confirm these 
findmgs Fakhry (103) found the mcidence of Schistosoma mansom m pellagrms 
twice that of the general population Pasha (264) also has found schistosomiasis 
the most serious parasitic disease from the risk of secondaiy deficiency syndromes 


Other parasitic diseases 

Many other parasites have been found m the excreta of pellagrins (206) A 
good summary of the eaily work appears m Robert’s text (290) Ascaris, 
Tnehmns, Strongylus (158), Hymenolepis, Pm worm, Cercomonas, Tnchina, 
Cestodes, and various flagellates have been reported Doubt may be expressed 
as to whether pellagra was invariably the comphcating factor in these conditions 
or whether the parasite found a debilitated host It is clear that there may 
have been a pernicious c 5 'ole m some cases Any mtestinal parasite may abstract 
nutation from the host, aggravate diarrhea or contribute in other ways to a 
secondary pellagra 

Among the other reports of mtestmal paiasites predisposing to pellagia should 
6 mentioned those of Jelks (168, 169) Fmdley (109) has reported a case 
secondary to giardiasis and Wyjasnowsky (399) one wath lamblia and tricho- 
monas intestmahs Cases in ascaios mfestations have occui red (7, 162, 269, 399) 
no? recorded pellagra in a two-year-old child infested with hyme- 

j . He suggested that the parasites might cause a secondar 3 >- aitamm 

*mting as “vitamm robbers,” holding priority on the ingested food 
wilaase (206) has emphasized vanous parasitic diseases as a promment 
ise 0 pellagra m Russia Round worms (392) and oxyuriasis (271) have been 
mentioned as causes of pellagra 


d "Functional" disorders of the upper alimentary canal 
disorders have a twofold relation to dysphagia, and spasm of the 
canoes™^ stomach Such disorders, arismg from emotional or psychic 
vitami in sex ere nutntional failure On the other hand, B-complex 

mg or ‘^mncies may^ be marked by symptoms of difficult swallowing, vomit- 
mer yj^^'^^'^’rtion which ai e i elieved by proper \ itamm treatment The Plum- 
doficiency°'(i^^^°"'*^ been considered both a cause and effect of vitamin 

with' nh '''''' doubt that globus hy'stencus and othci conditions associated 
with adequ^f t esophageal spasm may be sufficiently' severe to mtcrfcrc 


denof. ’ ll ‘“’^“''mn Cases where dysphagia antedated any' diagnostic ovi- 
are recoided (141, 153, 246, 366) 


Marsh > 22^1 1 tMl, 153, 246, 3661 

^Pi'm 1 ^ ’reported pellagra due to cardiospasm Wo have seen cardio- 

I py orospasni, hy stena and the so called gastric neurosis follow cd by 
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profound derangements of normal alunentary physiologj^ that pellagra resulted 
The fact that relief of the neurosis and lestoiation of normal alimentary function 
was foUowed by remission of the pellagra mdicates it was secondary peUagra 
In other cases, however, these symptoms disappeared following vitamin therapy 
and correction of dietary faults 

1 Long-standing gasiro-enterostomy In the eaity days of surgical enthusiasm 
short-circuitmg operations iveie de\used foi amehoration of disease involvmg 
various portions of the alunentary canal Complications often followed the 
most extreme procedures Some of the patients with acquired alunentary de- 
formities have become test subjects for studj’- of the pathological physiology of 
digestion and absorption. 

Roberts (290) reported the fiist case of pellagia followmg a gastroenterostomy 
There was intestmal obstruction and morphme addiction to complete the picture 
In an article entitled “PeUagia Secondarj’’ to Lesion of the Stomach interfering 
wuth Nutrition,” Bender (30) observed pellagia followmg gastro-jejunostomy A 
similar observation was made by Sutton (349) "who reported a patient wuth 
stomach ulcei w^ho had undergone twm gastio-entei ostomies and subsequently 
developed pellagra O’Leary (254, 255) emphasized the malfunctionmg stoma 
after such operations as part of the mechanism leadmg to pellagra 

Guthrie (139) observed among his alcoholic pellagims one with an old gastro- 
enterostomy w^hich had been followed by severe digestive disturbances Hem 
and MerrDl (155) found pellagra m a patient with an old history of peptic ulcer 
on whom two gastro-enterostomies has been done 13 and 10 years previously. 
Eusterman’s (100) patient had an old operation comphcated by a gastro-jejunal 
ulcer wuth hemorrhage A second opeiation W’^as followed by pellagra which 
w'as leheved by diet Later Eusterman and O’Leary (94) reported four patients 
wuth pellagra foUow'ing the disordered nutrition resultmg from gastroenterostomy 
In twm cases a duodenal ulcer had been piesent but m the others no reason foi 
the operation was Imowui hlorawutz and Mancke (235) reported another 
instance Lev 3 ’- Simpson (189, 190) leported a case w^here a two-thuds gastrec- 
tomy and gastroenterostomy foi duodenal ulcer had been followed by pellagra 
This patient had been a vegetarian for 14 years EUison (97) though empha- 
sizmg a cuiious complication m his case of pellagra, noted that there had been 
an enterostomy some yeais premously Norgaard (247, 248, 249) has wuitten 
extensively of pellagra followmg gastroenterostomy Yudkm, Hawksley and 
Drummond (400) observed a case which developed 5 years after a gastioen- 
terostomy for a duodenal ulcer Maasen (205) reported another, the first 
leported case of this tjqje of pellagra successfully treated wuth nicotmic acid 
There are others (121, 152, 228, 292, 301, 312, 313) 

We have observed three examples of pellagia as a sequel of surgical shoit- 
cucuitmg operations These cases have several featuies m common The 
patient suffeied fiom peptic ulcer of long duration which had not responded to 
medical management Operation was followed by no impiovement and the 
sjunptoms of pam, nausea, vomitmg and loss of appetite mci eased The diet 
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was then curtailed further Gradually upon these symptoms the syndrome of 
incipient pellagra developed with stdl more emphasis upon disordered alimentary 
function Fmally the diagnostic skm lesions appeared These patients usually 
had high levels of gastric HCl In several mstances margmal ulcers developed 
In some, hemorrhage and further operations added a deleterious mfluence One 
cannot place the blame for nutritional bieakdoivn on any smgle factor Loss of 
surface forsecretmg digestive juices and for absorption, abnormahties of motility, 
alterations in normal bacteria, probably all have importance 
2 Gaslreclomy and gastrostomy The possible mechanisms involved m Levy 
Simpson’s case of partial gastrectomy mtli secondary anemia and pellagra were 
thoroughly discussed m his review (190) Robertson and Cleveland (292) have 
reported pellagra appearing about two years following gastrectomy Another 
case has been reported by Hem and Merrill (155) and Incedayi (165) The 
following case is included because pellagra developed after removal of most of 
the stomach This seemed the most important contributing cause, though there 
were additional complicatmg factors 


H H (U 93567), a45-ycar-oldcoloredlAborer'nas admitted to the medical service of the 
Cincinnati General Hospital on April 27, 1938 For the previous year ho hod vogue symp- 
toms of indigestion with a sensation of uneasiness m the epigastrium after eating but no 
well localized pain, for the last three months nausea and finally vomiting Ho had lost 40 
pounds within the year A moss was felt in the epigastrium Roentgen studies demon- 
8 rated a pyloric obstruction Ha nas traoslerrcd to the surgical service, explored, and a 
subtotal gastrio resection done Histological study confirmed the clinicol diagnosis of 
carcinoma of the stomach The postoperative course w ns complicoted with nausea, vomit- 
mg and periods of hiccough though the operativ c w ound healed and there w ns no evidence of 
in ernal hemorrhage Within a w eek of the operation he began to run a spiking fever 
inical evidence of pulmonary tuberculosis appeared Within two weeks of operation he 
th™, I having a sore tongue When examined 19 days after operation it w as found 

ab^l pellagrous glossitis, stomatitis, and dermatitis of the hands and perineum The 
plet distended There was some restlessness, lack of attention and at times com- 

^ isoncntation with delirium In addition he had developed a Virchow’s node and 
aviili lungs revealed a patchy diffuse infiltrate w Inch continued to spread Later 
occurred An attempt was made to give yeast but tins induced gagging and 


acid was then administered in doses of 100 mg G times daily i here 


ravitation 

Nicrumc 

the rcBpoDse of the tongue and mucous membranes of the mouth, some clearing of 

relief from the abdominal distention In spite of this he graduall> failed 
^’”®‘^^8pntum with many tubercle bacilli Fex er and dy spnea increased There 
bio Jaundice at the time of death 15 weeks after the operation No autopsy was done 

f Ilus man’s story it is apparent that Ins nutrition ytas seriously' 

'omf Months before his stomach was resected Loss of appetite, 

plicatr^’ fp'cr, cougli and expectoration of much sputum were coni- 

has t'lr^ NmerthelcsS’ administration of nicotinic acid in largo oial doses 
'^waiise'p'^'^ restoration of the oral mucosa to normal Tins is of mtorcst 
Hot ° shown that gastropiiial pellagra in animals 

siagij, ®'med by nicotinic acid but lesponds to stomach preparations Our 
rtso proxes tliat pellagra m an almost completely gastrectomirod man 
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may be relieved by nicotimc acid but the complicating presence of pulmonary 
tuberculosis and possible liver necrosis or carcmoma may have supphed the 
body mth other essential constituents leeched from autolyzed cells. 

Obstrucizon 

Complete obstruction of the alimentary canal, if uncorrected, is not com- 
patible with life Only with chi’onie partial obstruction is nutrition apt to be 
disturbed long enough for a deficiency syndrome to develop In the literature 
on pellagra many such cases are reported O’Leaiy (252) made the first study 
of pellagra due to obstructive lesions in the gastro-mtestmal tract He said, 
the obstructive lesion plays essentially a mechanical r6Ie, in that it prevents 
the mgestion or retention of sufficient food or food contammg enough vitamins 
The mfluence of these obstructive lesions m producmg symptoms of pellagra 
is evidenced by the rapid disappearance of the signs of the disease foUowmg 
surgical removal or relief of the obstruction As a rule the patients are so ill 
that operative mterference is attended ivith a high mortahty ” He mentioned 
malfunctionmg gastroenteric stoma, gastric ulcer, stncture of the esophagus, 
and carcmoma of the esophagus, stomach and bowel as forms of obstruction 
which imght be complicated by pellagra Strauss (348) has seen pellagia com- 
plicate diaphragmatic hernia. 

Crutchfield (77) found that 10% of his cases of secondary pellagra had gastno 
obstruction Fisher (111) observed one similar case Boggs and Padget (39) 
foimd carcinoma of the gastro-intestmal tract m 4 of their 31 cases of secondary 
pellagra Meyer (229) and Mulholland and Kmg (238) saw pellagra in pyloiic 
stenosis Wyjasnowsky (394) recorded 4 cases of sporadic pellagra m obstiuct- 
mg carcmoma of the alimentary canal Strauss (348) and Sydenstncker (351, 
354) encountered pellagra m upper and lower mtestmal obstruction Bean and 
Spies (26) mentioned one case where adhesions developmg after repeated opera- 
tions led to partial mtestmal obstruction and pellagra resulted This case is 
now reported m detail 

A F (U 4426), a 35-year-oId unmarried white woman was admitted to the surgical 
service of the Cincinnati Genera! Hospital on January 26, 1938, for repair of a broken dow n 
abdominal wound, and intermittent intestinal obstruction Twenty years before ad- 
mission she had an operation for a ruptured appendix with a very stormy course following 
operation Two years later gradually increasing intestinal obstruction led to a second 
operation This was only partially successful and three years afterwards another operation 
was undertaken to correct the trouble caused by extensive adhesions and scars For the 
next 9 years there were episodes of low-grade obstruction From time to time the wounds on 
the abdomen would break down and small amounts of dark material w ould be discharged 
With careful attention by her family physician the wounds healed, only to open later 
Several minor operations were done on recurring sinuses and the abdomen was opened 
twuce During the few weeks before entry there had been increasing obstruction, and 
shortly before admission there was a brisk hemorrhage from the most persistently recurring 
sinus Owing to the severe abdominal pains, obstruction and distention, there had been 
some restriction of food intake wath a notable reduction of meat for several w ecks 

Phusical cxamtmtton revealed a woman of the stated age who did not look verj' sick 
The temperature was 99“ F , pulse 68 and respirations 22 to the minute and arterial blood 
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preasure 115/80 The abdomen n as covered -nith scars distorting the contour in a bizarre 
pattern In the right rectus area one of the scars gaped open but there ivas no cviseration, 
and only a scant inflammatory reaction Roentgen studies revealed the presence of tn o 
foreign bodies near the anterior abdominal nail The urine nos normal and blood studies 
gave no indication of anemia or leucocytosis 

Course After two necks of preliminary care n search was made for the foreign bodies 
under general anesthesia One nas found and removed along nith scarred skin and granu- 
lation tissue The postoperative course nas smooth Tno neeks later a hemorrhoid- 
ectomy nas done with no complication She nas almost ready for discharge nhen signs of 
obstruction recurred A Wangensteen tube nas used for several days nithout improie- 
raent Finally it became necessary to do another laparotomy Many adhesions nere 
liberated and the obstruction was relieved There n ns postoperative ileus, vomiting and 
some fever Large quantities of dextrose nere given by infusion Three days later, severe 
glossitis and mild pellagrous dermatitis of the hands appeared They n ere reliev ed very 
rapidly by mcotmic acid therapy and it became possible for her to consume an ample diet 
The fever, ileus and signs of pellagra all disappeared and the abdominal wound subsequently 
healed and she was discharged in excellent condition 

Comment As in many other cases of secondary pellagra it is not possible to 
assess each element of the combmation of disturbances which eventuated in pel- 
lagra Obviously organic disease of the bowel and abdomen was the mam con- 
tributing factor As a result there was voluntary restriction of catmg and a 
further curtailment from loss of appetite, nausea and vomiting Each operation 
seemed to make the general condition worse The final emergence of pellagra 
was undoubtedly facilitated by the operation, anesthesia, voniitmg, ileus, fci er, 
gastric suction and parenteral dextrose 

K Sprue and xdtopalhtc steatorrhea 

Until we understand the pathogenesis of sprue, it is difficult to establish n 
cause and effect relationship between spnie and pellagra It is apparent, how- 
ever, that lesions diagnostic of pellagra may occur m the course of sprue or idio- 
pathic steatorrhea A specific deficiency, if responsible for the sprue syndrome, 
might eventuate m changes interfermg with the utilization of water-soluble 
vitamins as well as faulty digestion or absorption of fat-soluble ones Thus 
pellagra might be secondaiy to sprue At any rate, the similanties m sprue, 
pellagra and pernicious anemia have been appaient ev'er since these diseases have 
been recognized Wood (292) suggested a common etiologic factor m pellagra 
and sprue This has been seconded by Castle and Rhoads (285), and Harris 
(150) Bennett, Hunter and Vaughan (31) reported two instances of pellagra 
complicating idiopathic steatorrhea Bing and Broager (3G) have reported im- 
provement of diarihea m sprue with nicotinic acid therapy, suggesting a second- 
ary deficiency Uugloy (360) mentioned the terminal nutritional disasters m 
non tropical spnie Lightwood and Smallpieco (192) reported an instance of 
pellagra dev elopmg as a sequel to celiac disease There arc other reports (227) 
V e have reported 2 caxes complicating sprue in which the glossitis and dermatitis 
ef pellagra wore relieved bv mcotmic acid while the diarrhea of sprue continued 
lackie, Eddy and AIills (211) mentioned other cases 

As a w orking hypotheses one can assume that a specific deficiency , probably' of 
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a Vitamin B complex factor, is responsible for spiue AVhen this deficiency has 
lasted long enough, functional or orgamc changes occur m the alimentary canal 
hmdermg utilization of many substances, primarily the fat soluble ones, but also 
vater-soluble materials such as sugars and B-complex factors When a failuie 
to assimilate them obtams long enough, signs of pellagra appear In our clmic 
there is madequate evidence for Manson-Bahr’s suggestion that sprue is a mani- 
festation of inefficient function of the jejunoileal segment of the gut (217, 219) 
The assumption that "ileocohc mefficiency” is the specific underlymg “lesion” 
m pellagra is not suppoited by the present study 
Food 'poisoning. We have seen pellagra develop m a victim of “food poisonmg” 
with severe vomiting and diarrhea He was the most violently ill of several 
pel sons m an outbreak and the only one to develop pellagra Similar cases aie 
reported (35) 


V HEPATIC DISEASE 

Hepatic disease bears a twofold relation to vitamin deficiency disease — it may 
be result or cause Though the latter postulate is not so certain m man, an 
mcreasmg body of fact has established it for several experimental ammals 
on variously deficient diets The perplexmg question of the cause of cirrhosis 
may be solved by further work along the present Imes of dietary study A com- 
piehensive review of the problem of vitamms, alcohol and cirrhosis by Jolliffe 
and JeUmek (170a) concludes that none of the deficiency h 3 qjotheses of etiology 
of cirrhosis is sufficiently well documented to be accepted as proved The com- 
mon denominator of current ideas embodies the concept of some deficiency as 
the mam cause of cirrhosis Perhaps the best evidence m regard to B-complex 
deficiency and hepatic d 3 ’’sfunction is that of Bhoads and Miller (284) and Patck 
But until the clinical evidence is better m the case of human cirrhosis we must 
reserve judgment 

The other relation of chronic hepatic disease to vitamm deficiencies is better 
substantiated This is the case where curhosis or other disorders of the hvei 
have secondary vitamm deficiency syndromes engrafted upon them Pellagra 
IS a relatively common sequel of cirihosis Latei researchers may show that 
cmhosis IS a deficiency disease, but it is equally clear that it may produce nutri- 
tional disordeis of a secondary nature Smce cmhosis is relatively uncommon 
as a teimmal event m the life of an endemic pellagrin it is improbable that cir- 
rhosis, if a deficiency disease, is caused by the same deficiencies which cause 
pellagra ^^ffiatever the cause, the effect may mterfere vath several processes 
essential to health Among these may be listed those associated with pei verted 
metabohsm of vitamm K and prothrombin, the anemias, the abnormal manu- 
facture of body protems, secondary endocrmopathies and a breakdown m sundiy 
mechanisms of detoxffjnng 

The pellagra which follows cirrhosis may be “alcoholic” m type, but this is 
not essential, smce we have seen several examples of pellagia foUowing cmhosis 
where there was no antecedent alcohol addiction Bffiether alimentaiy absorp- 
tion IS hampered m the presence of portal hjqiertension, or phosphoiylation is 
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obstructed, or the carrier protein for enzyme systems is improperly or inade- 
quately built, or the enz}nnc-coenzyme coraple\ not utilized properly cannot be 
stated Many other equally plausible suggestions could be made concerning the 
manner m nhich a malfunctioning liver might contribute to the advent of a 
secondary deficiency syndrome General discussions of the liver m pellagra do 
not clarify the picture (150, 152, 24G, 283, 290, 292, 326, 327) 

1 Cirrhom The development of pellagra in victims of cirrhosis was given 
passmg mention by Verga (375) as early as 1877 ivhen he recorded the fmdmg in 
ti\o autopaied cases Labus (179) recorded two cases A similar sequel of 
cirrhosis iias reported by Lanzarmi (184) Chiarugi (01) somewhat earlier had 
noted fatty li\ers m autopsies on pellagrins Tlie first American reference to 
this association was that of Decks (84) Anothei case was listed by Boggs and 
Padget (39) From Egypt (35, 264) we have reports of the cirrhosis of schisto- 
somiasis eventuating in pellagra A case of pellagra coincident wath the cirrhosis 
of hemachromatosis has been reported by Gore (123) Mackie, Eddy and Mills 
(211) have emphasized hepatic disturbances as forerunners of pellagra 

We have 17 cases of pellagra engrafted upon cirrhosis of the liver These 
composed less than 1% of all pellagnns found in the endemic area but 0 1% of 
the Ohio group and 11% of the secondary cases in this group (See Table VIII ) 

2 Gall bladder and hie duels Though the fever, nausea, vomiting and dis- 
turbance of hepatic function of reournng gall bladder coho interfere with nutri- 
tion, none of the early pellagrologists noted any association of pellagra with gall 
bladder disease EUis (95) leoorded the first observation of pellagra as a sequel 
to cholecystitis and hthiasis Ormsby (256, 250), Niles (246) and Wood (392) 
mentioned the association of gall bladder disorders and pellagra, but did not 
suggest anj reasons VandeiHoof (371) was impressed wuth chronic gall bladder 
disease as a frequent cause of pellagra In a Cabot case report (53), there is a 
suggestion that operation for a gall bladder attack precipitated an initial attack 
of pellagra Guthrie (139) mentioned a pellagrin wath gall stones Turner (305) 
consideied disturbed ahmentarj' phj'siologj' the mam cause of secondary pellagra 
m patients suffering wath gall bladder disease Eusterman and O’Leary (99) 
made similar observations Dennis (85) obsen cd pellagra as a sequel to com- 
mon duct stone with purulent cholangcitis and progressive jaundice possiblv 
with abscess foimation m the liver Stannus and Gibson (341) included in their 
review a patient who developed pellagra after four years of repeated upsets asso- 
ciated with gal! stones, two attacks of jaundice and final operation Briggs (47) 
found pellagra doi eloping in a patient with gall stones who subsisted on an ill- 
advised diet Harild (147) and Weller (384) have made special reports of pel- 
lagra with gall stones Pellagra complicating amebic djscnterj and gall stones 
has also been leportod (300) Hams (152) and Svdenstrickcr (351) both men- 
tion acute eholecj stills as a factor m precipitating pellagra 

In our entire group there were four instMCcs where gall bladder disease was 
the mam contnbutmg cause of pellagra In one a stone obsfnictcd the common 
duct and pellagra developed during the course of deepening jaundice Wide- 
spread liv er necrosis w as found at autopsj 
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a Vitamin B complex factor, is responsible for sprue Wlien tins deficiency has 
lasted long enough, functional or organic changes occui m the alunentary canal 
hmdering utilization of many substances, prunarily the fat soluble ones, but also 
vatei -soluble materials such as sugars and B-complex factors When a failuie 
to assimilate them obtams long enough, signs of pellagra appear In our clmic 
there is madequate evidence foi Manson-Bahr’s suggestion that sprae is a mani- 
festation of inefficient function of the jejunoileal segment of the gut (217, 219) 
The assumption that “ileocolic inefficiency” is the specific underlying “lesion” 
in pellagra is not suppoited by the present study 
Food pozsomng We have seen pellagra develop m a victim of “food poisonmg” 
with severe vonutmg and diarrhea He was the most violently lU of several 
peisons m an outbreak and the only one to develop pellagra Similar cases aie 
reported (35) 


V HEPATIC DISEASE 

Hepatic disease bears a twofold relation to vitamm deficiency disease — it may 
be result or cause Though the latter postulate is not so certam m man, an 
increasmg body of fact has established it for seveial experimental animals 
on variously deficient diets The perplexmg question of the cause of cirrhosis 
may be solved by further work along the present Imes of dietary study A com- 
piehensive review of the pioblem of vitamms, alcohol and curhosis by Jolhffe 
and Jellmek (170a) concludes that none of the deficiency hypotheses of etiology 
of cirrhosis is sufficiently well documented to be accepted as proved The com- 
mon denommator of curient ideas embodies the concept of some deficiency as 
the mam cause of cirrhosis Perhaps the best evidence m regard to B-complex 
deficiency and hepatic dysfunction is that of Rhoads andMillei (284) and Patek 
But until the chnical evidence is better m the case of human cirrhosis we must 
reserve judgment 

The other relation of chronic hepatic disease to vitamm deficiencies is better 
substantiated This is the case wheie curhosis or othei disorders of the liver 
have secondary’- vitamm deficiency syndromes engrafted upon them Pellagra 
IS a lelatively common sequel of curhosis Latei researchers may show that 
curhosis is a deficiency disease, but it is equally clear that it may produce nutri- 
tional disordeis of a secondary nature Smce cuihosis is relatively uncommon 
as a termmal event m the life of an endenuc pellagrin it is unprobable that cu- 
ihosis, if a deficiency disease, is caused by the same deficiencies which cause 
pellagra AWiatever the cause, the effect may mterfere mth several processes 
essential to health Among these may be hsted those associated vnth peiwerted 
metabolism of vitamm K and prothrombm, the anennas, the abnormal manu- 
facture of body proteins, secondary endocrmopathies and a bieakdomi in sundry 
mechanisms of detoxifymg 

The pellagia whicTi follows curhosis may be “alcoholic” m type, but this is 
not essential, smce we have seen seveial examples of pellagia foUowmg curhosis 
where there w^as no antecedent alcohol addiction Whether alimentary absorp- 
tion IS hampered m the presence of portal hypertension, or phosphorylation is 
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obstructed, or the carrier protein for enzyme systems is improperly or made- 
qiiately built, or the enzjTne-coenzyme complex not utilized properly cannot be 
stated Many other equally plausible suggestions could be made concernmg the 
manner m uliich a malfunctionmg liver might contribute to the advent of a 
secondary deficiency syndrome General discussions of the Iner m pellagra do 
not clarify the picture (150, 152, 24C, 283, 290, 292, 320, 327) 

1 Ctrrliosis The development of pellagra m victuns of cirrhosis was given 
passmg mention by Verga (375) as early as 1877 when he recorded the findmg m 
tuo autopsied cases Labus (179) recorded two cases A sunilar sequel of 
cirrhosis uas reported by Lanzaimi (184) Chiarugi (61) somewhat earlier had 
noted fatty livers in autopsies on pellagrins The first American leference to 
this association was that of Decks (84) Anothei case was listed by Boggs and 
Padget (30) From Egj pt (35, 204) we have reports of the cirrhosis of schisto- 
somiasis eventuatmg m pellagra A case of pellagia coincident with the cirrhosis 
of hemachromatosis has been reported by Gore (123) Mackie, Eddj and Mills 
(211) have emphasized hepatic disturbances as forerunners of pellagra 

We have 17 cases of pellagra engrafted upon cirrhosis of the liver These 
composed less than 1% of all pellagrins found m the endemic area but 6 1% of 
the Ohio group and 11% of the secondary cases in this group (See Table VIII ) 

2 Gall bladder and btlc ducts Though the fever, nausea, vomiting and dis- 
turbance of hepatic function of recurrmg gall bladder coho mterfere with nutri- 
tion, none of the early pollagrologists noted any association of pellagra with gall 
bladder disease Ellis (95) recorded the first obsorv'ation of pellagra as a sequel 
to cholecystitis and lithiasis Ormsby (255, 256), Niles (240) and Wood (392) 
mentioned the association of gall bladder disorders and pellagra, but did not 


suggest anv reasons VanderHoof (371) w as impressed w ith chronic gall bladder 
disease as a frequent cause of pellagra In a Cabot case report (53), there is a 
suggestion that operation for a gall bladdei attack precipitated an mitial attack 
of pellagra Guthrie (139) mentioned a pellagnn with gallstones Turner (305) 
considered disturbed alimentary phjsiologj the mam cause of secondary pellagra 
in patients suffermg with gall bladder disease Eiisterman and O’Learj (99) 
made similar obsei rations Dennis (85) obsened pellagra as a sequel to com- 
mon duet stone with purulent cholnngeitis and progiessive jaundice possibly 
with abscess formation in the In er Stannus and Gibson (341) included in their 


review a patient who developed pellagra after four years of repeated upsets asso- 
ciated with gall stones, two attacks of jaundice and final operation Briggs (47) 
found pellagia developing in a patient with gall stones who subsisted on an ill- 
advised diet Ilaiild (147) and Weller (384) have made special reports of pel- 
lagra with gall stones Pellagra complicating amebic dysentery and gall stones 
has iiUo been reported (300) Harm? (152) and Sydenstneker (354) both men- 
tion acute cliolecvstitis as a factor in precipitating pellagra 
In our entire group there were four instances wheio gall bladder disease was 
1 C main contnbutmg cause of pellagra In one a stone obstniclod the common 
uct and pellagra developed dunng the course of dccjicning jaundice Wide- 
spread h\ or necrosis w as found at autopsy 



30 


W B BEAN, T D SPIES AND M A BLANKENHOBN 


a Vitamin B complex factor, is responsible for sprue When this deficiency has 
lasted long enough, functional or orgamc changes occur m the alunentary canal 
hmdermg utilization of many substances, pmnarily the fat soluble ones, but also 
water-soluble materials such as sugars and B-complex factors men a failure 
to assimilate them obtains long enough, signs of pellagia appear In our clmic 
there is madequate evidence for Manson-Bahr’s suggestion that sprue is a mam- 
festation of meflacient function of the jejunoileal segment of the gut (217, 219). 
The assumption that “ileocohc mefficiency” is the specific underlymg “lesion” 
m pellagra is not supported by the present study 
Food poisoning We have seen pellagra develop m a victun of “food poisonmg” 
with severe vomiting and diarrhea He was the most violently ill of seveial 
peisons m an outbreak and the only one to develop pellagra Sunilar cases are 
lepoited (35) 


V HEPATIC DISEASE 

Hepatic disease bears a twofold relation to vitamin deficiency disease — it may 
be lesult or cause Though the latter postulate is not so ceitam m man, an 
mcreasmg body of fact has established it for seveial experimental animals 
on variously deficient diets The perplexmg question of the cause of cirrhosis 
may be solved by further work along the present Imes of dietary study A com- 
piehensive review of the pioblem of vitamms, alcohol and cirrhosis by Jolhffe 
and Jelhnek (170a) concludes that none of the deficiency hyjiotheses of etiology 
of cirrhosis is sufficiently weU documented to be accepted as proved The com- 
mon denommator of current ideas embodies the concept of some deficiency as 
the mam cause of cirrhosis Perhaps the best evidence m regard to B-complex 
deficiency and hepatic dysfunction is that of Bhoads and Miller (284) and Patek 
But until the clinical evidence is better m the case of human cirrhosis we must 
reserve judgment 

The othei relation of chrome hepatic disease to xutamm deficiencies is bettei 
substantiated This is the case wheie cirrhosis or othei disorders of the Iivei 
have secondary vitamm deficiency syndromes engrafted upon them Pellagra 
IS a relatively common sequel of cirrhosis Latei researchers may show that 
cirrhosis is a deficiency disease, but it is equally cleai that it may produce nutri- 
tional disordeis of a secondary nature Smee cirihosis is relatively uncommon 
as a termmal event m the life of an endemic pellagrm it is improbable that cn- 
ihosis, if a deficiency disease, is caused by the same deficiencies which cause 
pellagra. ■\‘\Tiatevei the cause, the effect ma}’- mterfere with seveial processes 
essential to health Among these may be listed those associated with perverted 
metabolism of ntamm K and protlirombm, the anemias, the abnormal manu- 
factuie of body protems, secondaiy endocnnopathies and a bieakdown in sundry 
mechanisms of detoxifying 

The pellagia which follows curhosis may be “alcoholic” in type, but this is 
not essential, smee we have seen seveial examples of pellagra following cirihosis 
where there was no antecedent alcohol addiction Whether alunentaiy absorp- 
tion IS hampered m the presence of portal hjqierteDSion, or phosphorylation is 



SEC0^D4RT PELUGBA 


31 


obstructed, oi the carrier protein for enzyme s 3 'stems is improperly or made- 
quatelj built, or the enzyme-coenzyme comple\ not utilized properly cannot be 
stated Manj other equally plausible suggestions could be made concemmg the 
manner in -nhicli a malfunctioning liver might contribute to the advent of a 
secondary deficiency syndrome General discussions of the liver m pellagia do 
not clarify the picture (150, 162, 246, 283, 290, 292, 320, 327) 

1 Czrrhom The dev'elopmcnt of pellagra m victims of cirrhosis was given 
passmg mention by Verga (375) as early as 1877 when he recorded the findmg m 
two autopsied cases Labus (179) lecorded two cases A similar sequel of 
cirrhosis was reported bj’ Lanzaiini (184) Chiarugi (61) somewhat earlier had 
noted fatty livers m autopsies on pellagrins The first American reference to 
this association was that of Deeks (84) Anotliei case was listed by Boggs and 
Padget (39) From Bgjqit (35, 264) we have reports of the cirrhosis of schisto- 
somiasis eventuatmg in pellagra A case of pellagra coincident with the cinhosis 
of hemachromatosis has been leported by Gore (123) hlaclae, Eddj and Mills 
(211) hove emphasized hepatic disturbances as forerunners of pellagra 

We have 17 cases of pellagra engrafted upon cirrhosis of the liver These 
composed less than 1% of all pellagrins found in the endemic area but 6 1% of 
the Ohio group and 1 1 % of the secondary cases m this group (See Table TOI ) 

2 Gall bladder and Ink ducts Though the fever, nausea, vomiting and dis- 
turbance of hepatic function of recurrmg gall bladder coho mtorferc vvith nutri- 
tion, none of the eaily pcllagrologists noted any association of pellagra walh gall 
bladder disease Ellis (95) recorded the first observation of pellagra as a sequel 
to cholecjstitis and lithiasis Ormsby (255, 266), Niles (246) and AVood (392) 
mentioned the association of gall bladder disorders and pellagra, but did not 
suggest any reasons VandeiHoof (371) was impressed with chronic gall bladder 
disease as a frequent cause of pellagra In a Cabot case report (53), there is a 


suggestion that operation for a gall bladdei attack precipitated an initial attack 
of pellagra Guthrie (139) mentioned a pellagrin wath gall stones Turner (305) 
consideied disturbed alimentary physiologj the main cause of secondary pellagra 
m patients suffermg with gall bladder disease Eusterman and O’Learj (99) 
made sunilar obson ations Dennis (85) observed pellagra as a sequel to com- 
mon duct stone with purulent cholangeitis and progressive jaundice possiblj 
with abscess formation in the liver Stannus and Gibson (341) included in their 
review a patient who developed pellagra after four j ears of repeated upsets asso- 
ciated walh gall stones, two attacks of jaundice and final operation Briggs (47) 
ound pellagra developing in a patient with gall stones who subsisted on an ill- 
advi^cd diet llarild (147) and AVeller (384) have made special reports of pel- 
agra with gall stones Pellagra compheatmg amebic dvsenterj and gall stones 
ms also been reported (300) Harris (152) and Sydenstricker (354) both men- 
« acute cholecystitis as a factor m precipitating pellagra 
tbernr! rvere four instances wheic gall bladder disease was 

duct Td^O^^ cause of pellagra In one a stone obstructed the eommo^ 

spread bvirir deepening jaund.ee mde- 

u liver necrosis was found at autopsy 
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3 Abscess An instance of pellagia developing in a patient mth liver abscess 
was mentioned by Wood (392) who quotes the report of the Ilhnois Pellagra 
Commission We have seen one case Corlette (70) reported pellagra engrafted 
upon suppuratmg hydatid of the liver 

4 Acute yellow atrophy We have seen one mstance of pellagra appearmg 
in a victim of cirrhosis and superimposed hepatitis 

5 Hepatoma In one of our patients curhosis complicated by hepatoma had 
eventuated m pellagra There is one other report of such a case (220) 

VI SUEGICAL OPERATIONS AND ANESTHESIA 

The occurrence of pellagra followmg surgical operations was observed very 
early m the penod of mtensive study of the disease m A!merica Surgeons also 
casually noted that operations might make established pellagra worse Saun- 
deis (309) m 1909 ad\ased agamst any but the most urgent operations m pella- 
gnns because of the notoriously high mortality Roberts (290) said m 1912, “a 
surgical operation or a confinement may float a latent pellagra ” At the same 
symposium Babes (13) reported two patients m whom diagnostic lesions of 
pellagra appeared after a hemiaplasty and lithotomy Wood (392) lef erred to 
a woman m good circumstances who developed pellagra after a gynecologc 
operation On the other hand he had seen apparent relief of pellagra followmg 
a similar procedure The first paper especially devoted to this problem was 
that of Guerry (136) He believed that the opeiation and anesthesia shared the 
blame In an article entitled, “Pellagra as a Post-Operative Manifestation,” 
Valk (369) reported an mitial outbreak of pellagra appearmg m a 52-year-old 
white woman on the third day after removal of a diseased uterus Nausea and 
vomitmg did not occur, but diairhea set m and became progressively worse 
He mentioned two similar cases A reiteration of this same sequence was made 
by Jelks (167) who stressed opeiations for appendicitis H F Hams (150) made 
casual reference to the development of pellagra follovong an operation for sup- 
posed appendicitis There was no recurrence foUovnng a subsequent operation 
on the gall bladder, but the attendmg circumstances are not knoivn Goldberger 

(120) emphasized operations precipitatmg pellagra and urged surgeons to eschew 
unnecessary surgical procedures where latent pellagra was suspected Graves 
(126) mentioned the postoperative outbreak of pellagia in three patients sus- 
pected of havmg peptic ulcers In two the diagnosis was verified All three 
developed mamfest signs of pellagra vnthm 48 hours of the operation No othei 
details aie available In recent years mterest has centeied on the undeiljong 
lesions m the stomach oi mtestmes, or the changes attendant upon surgical coi- 
rection of such faults rather than an operation pe? se as the precipitatmg agent 
Tissue trauma, infection and peihaps a specific or nonspecific mhibition of respira- 
tory enzjmaes by anesthetics maj’- all be conducive to a flare-up of latent pellagia 
Comphcations such as nausea, vomitmg, anorexia, starvation, fevei, use of large 
quantities of dextrose for caloric lequirements and forcmg fluids to the pomt of 
diuresis all may upset nutntion (204) The underljang disorder m alimentat}^ 
canal disease often has produced chemical vitamm deficiency prior to operation 
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An apparently uncomplicated operation and convalescence, hono\ei, may pre- 
cipitate pellagra (77) Hudson (109) stressed the veiy senoiis nature of any 
surgical procedures m an untreated pellagrin and reitoiated the extremely bad 
prognosis The report by Bender (30) of pcllagta occurring in a patient nith a 
benign gastuc ulcer, during the period of jejunal feedmg is interestmg because 
after operation and a return to a balanced diet the pellagra was relieved 
O’Leary (252) and Eusterman (100) and latei Eusterman and O’Leaiy (99) gave 
an excellent account of secondaiy pellagra which occuned ivhen operation iias 
undertaken for gastiomtestmal disease The sequence of events indicated that 
surgical pioccdures had accelerated or piccipitated the development of pellagia 


TABLE IV 

External agents (surgical, traumatic, miscellaneous) 
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Surgical operations 











Hystoroctomj 

0 










Pelvic disease 

4 










Colostomy 

2 










Hemorrhoids 

2 










Pulmonary lobectomy 

Gall bladder 

1 

1 

’20 

5 

16 

10 

17 

2 

1 

— 

SO 

Tonsils 

1 










Appendix 

1 










Hcrnm 

1 










Prostate 

^ raj and radium therapy 

1 

5 

2 

3 

1 

4 

1 



47 

Accident 


3 

2 

■■ 




1 

1 


50 

Burn 


I 

H 

Bl 

_ 


1 



5 

Torsi lute 


1 

B 

H 



J 

— 

- 

13 

Totals 

m 

m 



22 

G 

2 




in recognizable form It ls uoleiiorlhj that there was a \ cry high mortality in 
al patients with secondarv pellagra Tins natiiially was influenced by tiio 
prognosis of the pnmniy disease 

Jinny reports make incidental mention of pellagra followang in the wake of 
surpeal procedures Ellis (90) stressed the role of diet and nausea, aomiting 
and nnoiovia, in patients with operations who deiclop pellagra These cases 
arc more portinentlj discussed under the heading of the underUang cause 
raiias (248) and Stamms (213) mentioned scicml examples of pellagra after 
pen ions on the iisccm The latter author thought ether anesthesia might 
particular influence Golden (122) casiiallj rcfericd to a patient 
1 rercction of part of the ilcuin for regional ileitis in whom pollagrv appeircd 
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post-operatively lianssen (144) discussed a case which followed lesection of 
the stomach for caicmoma Metheny, Noithrop and Bro^^m (228) leported a 
case wheie an opeiation foi peptic ulcei was followed by pellagia Bean and 
Spies (26) mentioned colostomy and its attendant alteiations m alimentaiy 
physiolog}’’ as a precipitatmg cause There are other mstances of operation on 
the gut followed by pellagia (75, 155, 279, 313, 341, 381, 349) 

Pellagra developed shortly aftei opeiation 20 times and m 10 othei cases opeia- 
tion was an impoitant complicating agent in our material It was twice as Se- 
quent in the Alabama as in the Ohio gioup This reemphasizes the danger of 
surgical procedures in mcipient or subclmical pellagi a The data are summarized 
in Table IV One sees the preponderance of females and the scarcity of negioes 
In 12 instances the operations weie done for disoiders peculiai to females, hj-^stei- 
ectomy 6 times, pelvic disease and its sequelae 4 times, and dilatation and curet- 
tage twice The other opeiations were repiesented once each except for hemoi- 
ihoidectomy Gynecological conditions weie frequent Saiindeis was the hist 
to emphasize the peculiar liability of pellagrous oi piepellagrous women to suffei 
from sjTOptoms refeiicd to the pelvis In most of our patients pelvic lesions 
were found at opeiation but some had complamts without appaient oigamc 
cause The operative procedures, including those only contiibutory to the 
ma]or precipitating factor are listed below 


Gyneological 

operations 


Hysterectomy 
Pelvic gonorrhea 
Dilatation and curettage 
Tubal pregnancy 


0 

4 

2 

1 


Alimentary 

canal 


Hemorrhoidectomy 

Gastroenterostomy 

Colostomy 

Gastrectomy 

Rectal carcinoma 

Anal fistula 

Tonsillectomy 

Appendectomy 

Hernia repair 

Gall bladder removal 


4 

2 

2 

1 

1 

1 

1 

1 

1 

1 


( Pulmonary lobectomy 
Prostatectomy 
Thyroidectomy 


The following is a repiesentative case report 

G M (U SS140 C G H ), a 25-j ear-old single white girl ivas admitted to the surgical 
service of the Cincinnati General Hospital on February 9, 1938, for a lobectomy to relieve 
chronic bronchiectasis of the left lower lobe 

History Beginning at the age of 3 she had had a chronic coiigli productive of sputum 
w Inch w as foul upon occasions The sputum gradually increased in volume She felt vv ell 
nonetheless and was able to go to school, but could not engage in strenuous games Slic 
had no fever, no hcraoptj sis, and no sw cats at night Six months before admission she had 
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an appendectomy under gas ether anesthesia Convalesccnee nas complicated by severe 
coughing vv hich induced v omiting and pain in the abdomen She lost 10 pounds during this 
period The increase in coughing may have resulted from an exaggeration of her cough 
always induced by lyingflat Tn o months before entry she had lipiodol and X-ray studies 
which indicated congenital bronchiectasis of the left lower lobe Her diet had been ade- 
quate, except for the period after her appendix was removed when nausea and vomiting 
associated with paroxysms of cough effectively reduced her intake of food At the time of 
admission she had regained the 10 pounds lost after appendectomy 

Fxammatton revealed physical signs compatible with bronchiectasis and atelectasis of 
the left lower lobe There was no evidence of recent weight loss and no suggestion of a 
V ilamin deficiency The temperature w as 99 8“ F (rectal), pulse rate SS, respirations 20 per 
minute and the arterial blood pressure was 110/65 mm of Hg The leucocyte count was 
15,000, red cell count 4 5 million per cubic millimeter and the hemoglobin 11 5 grams On 
the fifth hospital day a lobectomy was performed under cyclopropane anesthesia She 
stood the operation well A transfusion of 500 cc of citratcd blood was given after the 
operation The coiirec for the next 10 days was stormy Infection developed in the chest 
and it was neccssarv to institute tidal drainage Vomiting occurred after almost every 
attempt to oat so that very little of the high caloric, high vitamin diet was retained She 
was given several largo injcotiona of dextrose A Wangensteen tube was kept in place for 
several days after operation The temperature rose to 102° F on several occasions Cough 
was productive of much foul smelling sputum There was constipation and distention 
kforpluno and codeine were used to control the pain When seen ten days after operation 
there was typical pellagrous glossitis and mdd pharyngitis Vincent’s organisms were 
found in a smear made from a small ulcer in the buccal mucosa There w ns a mild cry thema 
of the dorsum of the hands and elbows though the patient had been exposed to the sun 
rarely since the previous summer Her urine showed abnormal pigments by the B E S 
method (29) 

A most dramatic response followed the intravenous administration of 25 mg of nicotinic 
acid daily for one w cek 1 he temperature gradually fell to normal, the cough, sputum and 
drainage from the empy cma cavity diminished The tongue became normal, and Vincent’s 
organisms could not longer be demonstrated after the second day Her appetite became 
ravenous and she retained the food with no difficulty Bowel activity became rcgularnnd 
spontaneous Abnormal pigments disappeared from the urine She ultimately made a 
complete recovery 

Discussion ’Tins example of secondary pellagra illustrates many of the 
nutritional hazards of the post-operative penod Firet, there was a long- 
standing infection which had undoubtedly reduced the margm of safety in vita- 
min stores It IS likely that a chemical depletion with subchnical deficiency 
existed though no suggestive sign was detected prior to operation As a largo 
factor in the deficiency must bo reckoned her nearly complete starvation for 
several flays alter lobectomy Anorexia, nausea, vomitmg, constipation and 
gaseous distention were very Iroiiblcsonie Ihis blockade to the mtake of food 
was of great importance in the ensuing deficiency The elTect of the suction tube 
IS harder to evaluate It is probable that the gastric phase of digestion was 
interfered with Achlorhvdua may be a factor m predisposing to the develop- 
ment of pellagra We hav e found that m human beings whose diets are restricted 
to foods with hltle or no natural H complex vitamins removal of largo quantities 
of gastric juice accelerates the development of recognizable signs of vitamin 
deficiency (21) Admimstmtion of dextrose parcnterally or carbohv drate orally 
may bring out a Intent deficiency (24) With these fictors present it is not 
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possibls to judgo tliG ill-effects of tlie operation oi anesthesia per sc in piovoking 
the pellagia Whether the tidal drainage or the loss of material m the sputum 
actually enhanced the nicotmic acid depletion remains speculative This case 
emphasizes the many ways m which nutrition may be distuibed by surgical 
disease and treatment It agam emphasizes the multiplicity of complications 
which mteifeie with nutrition and the difficulty in assigning blame to any isolated 
factor It also mdicates the inadequacy of piesent day methods of appraising 
the nutritional status in people without obvious deficiency disease 

VII INFECTIONS 

One of the histone souices of confusion in inteipretmg the natuie of pellagia 
resulted fiom its occurrence as a complication of infections Outbieaks in the 
wake of epidemics were not easily explained by those who denied that pellagra 
was an infection Infections have been known to result m exacerbations or even 
first outbreaks of pellagia since the days of Casal (57) In fact, so close was 
the association that one school of pellagrologists fiimly advocated mfection as 
the cause and the ensumg piolonged and vexed search for the specific miasm, 
contagion, parasite and intermediate host, bacteiium oi virus has tested the 
skill, patience and credulity of a host of workeis (23, 148, 149, 150, 296) While 
it Tvas realized m the distant past that any seveie, acute oi chionic infection 
interposed an obstacle to proper nutrition, it is only m recent times that the 
pathogenesis of vitamin deficiency states m such circumstances has been based 
upon logical premises If one accepts the aigument that many vitamm defi- 
ciency states are characteiized by a disorder of lespnatoiy enzjane functions it 
follows that an mereased load on metabolism will accentuate any disparity be- 
tween supply of and demand for respiratory enzymes This thesis has been 
elaborated by Cowgill (71) for vitamin Bi Infections put a stram upon the 
cellular catalysts at the very time when other obstacles to proper nutrition occur 
Anorexia, nausea and vomitmg, failure of proper digestion, constipation and 
distention shift the balance unfavorably Separate types of mfection and dis- 
ease states exert then own peculiar influence in disturbing the normal processes 
of nutrition 

Whether /encr as distinct from infection ever produces pellagia has not been 
demonstrated No association between artificial hypeitheimia and pellagra has 
been reported nor have we seen any case We have seen one instance where 
glossitis folloTved a course of malaria moculata for paresis (24) Pellagra has 
followed vaccine therapy and the ensumg artificial fever (261) but other factors 
were mvolved m these cases 

There is scant mfoimation concerning other means whereby feveis upset the 
internal mechanisms concerned Tvith utilization of food Some years ago it ivas 
demonstrated by Bergland and Chang (32) that infection and fevei might cause 
achlorhydria, the duration and seventy of Tvhich bore some relation to that of 
the fever. This Tvould erect an additional bairiei to piopei nutntion Smith- 
bum and Zeifas (334) have reported a parallel observation of the inhibiting 
effect of mfection and fevei on the response of pernicious anemia to adequate 
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li\er therapj A charactenstic responce followed the abatement of the com- 
plicating illness Rhoads (285) has mentioned this phenomenon 
It IS conceivable that infections evert a specific harmful function on tissue 
respiration m the sense that bacterial organisms compete wnth body cells for 
essential nutnents— or proliferate to\ms which inhibit particular steps in the 
oxidative process These are enticing speculations Until coiiclusn e evidence 
IS at hand, non-specific factors mipeding nutiition, and those acceleratmg geneial 
metabolism and tissue respiration suffice as an explanation for the disastrous 
nutritional sequels to mfections and fex ers In the w ords of H F Harris (150), 
“any and every agency that tends to lower xntahty and causes dctenoration in 
the general health plajs an important lole m the production of pellagra ” 

1 Pnmimoma Until the modem period, pneumonia, particularly broncho- 
pneumonia, was commonly found m autopsies of persons who died of pellagra 
This was emphasized by Lombroso (193) and other Europeans Though Babes 
(13) mentioned a possible case, it has been onl5 in recent jears that pellagra 
dex eloping as a sequel to pneumonia has been noticed O’Leaiy (234) mentioned 
it in 1927 Pollock and Barborka (273) recorded a similai instance Spies (330) 
stressed this chnical lelationship Additional isolated case reports or comment 
on this sequel to pneumonia occur (285, 332, 351) A possible explanation foi 
this lesult x\as offered b)' Vilter, Bean, Ruegsegger and Spies xvho found that in 
some cases of pneumococcal pneumonia the coenzyme I and 11 content of the 
blood was low Following crisis there was a rise to noimal levels Unfoitu- 
natoly no similar studies wore made on any patients who happened to develop 
pellagra after pneumonia, so this point needs further study before conclusions are 
drawn It is certain that fever and anorexia as vv ell as the constipation and dis- 
tention in pneumonia disturb nutrition and contiibutc to the impoverishment of 
the stoics of vitamms and, in those with poor nutntion, make the nsk of pellagra 
or other deficiencj syndromes ical 

IVe have observed pellagra follow pneumonia m 18 mstanecs A high piopor- 
tion was seen in the Ohio group Colored males weie stiongly lepresented 
Pneumonia w as the chief infection leading to pellagra (see Table V) In one ease 
pellagra occurred ns tlie sequel of post-pneumonic ompj ema 

2 iVfllana hlanycarlj pellagrologists noted an association between “swamp 
fev'crs” and pellagra .Some cv'en advocated the use of qummo for pellagra 
because of the impiov ement in pellagrins vvalh malaria which followed the use of 
quinine So it w as that long before the cause of either w as known it w as realized 
that malana could be complicated bj pellagi'a Lombroso (1 93) first stressed the 
rOlc of malana in prcdisposmg to pellagra, notmg that the incidence of pellagra 
was umisuallj high in malanous distncts In 1882 Stmehan (340) obsen ed an 
outbreak of peripheral neuritis, pellagra and what we now recognize as other 
deficiency diseases m a group of Jamaican natives Most of his patients also had 
malana Though tlic diagnosis in his cases has been a choice subject for dispute 
it seems most probable that these ill nourished natives developed multiple 
V itamm deficiencies m the w ako of a devastating outbreak of malana Sambon 
gave impetus to the concept of eecondary pellagra bj emphasizing the xanous 
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predisposing diseases He quoted the observation of Seven on the “unprece- 
dented increase in the prevalence and severity of pellagra” nnmediately foUoimg 
the epidemic of malana which developed m an Itahan district when a tributary of 
the Tiber overflowed and produced a swamp When the swamp was dramed the 
malaria and pellagia disappeared pan passu A similar episode had been ab- 
sented m the Po Valley by Devoto (86) m 1 901 Agostmi (1) reported the same 
thing in Umbria Wood reported one of the early cases of pellagra in the Umted 
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Lung abscess 
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3 

— 

— 

56 

Chronic sinusitis 
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Septicemia 
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Fever unknown ongm 
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Abscess 
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Undulant fever 
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23 

Meningitis 
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Liver abscess 
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States under the title “A Mixed Infection vnth Tertian and Quartan Malaria 
occurimg in a patient with Sjunmetncal Gangrene ” In his text (392) he empha- 
sized the part of malaria m preparing the way for pellagra Similar reports hjyve 
come fiom manjt malanal distncts (13, 14, 84, 221, 351, 361, 364, 378, 387) 
There is a considerable overlappmg of the endemic regions of malaria and pellagra 
(82) Both diseases ai e apt to occur among people whose economic phght is grun 
Povertv and ignorance combme to enhance their miser}”^ VTiere conditions can 
be improved by pubhc health measures such as mosquito control and dietary 
improvement the morbidity and mortality from malaria and pellagra aie con- 
spicuousl}^ reduced 
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Malona -nas the chief contributing cause of pellagra m 13 of our cases, all in 
Alabama In most instances the malana had been treated madequatelj' or not 
at all 

3 Pulmonary iubetcuhm In pulmonary tuberculosis ue have an oppor- 
tunity to study the relationship of chrome infection to malnutntion and pellagra 
An association was recogmzed of old (104, 179, 193, 347) This mforraation 
came from autopsy matenal and did not stress any cause and effect lelationship 
Case reports give no relevant details from which it is possible to decide A 
special study by Dell Rosa (222) did not provide crucial evidence on this pomt 
Early studies by Amencan investigators referred to this association (72, 110, 
230, 280, 382, 386, 401) Babes (13) listed this complication m a number of case 
reports The first strong emphasis of a possible direct connection came from 
Green (128) who reported 25 cases of tubciculosis among 131 of pellagra Bardm 
(17) observed a patient w hose pellagra and tubei culosis improved simultaneous! j 
durmg sanitarium ti eatment' Silcr, Garrison and MacNeal (323) noted tubei cu- 
losis among the general dcpiessing agents favormg the outbreak of pellagia 
Sandy (308) mentioned it H E Harris (150) did not beheve, howevci, that 
pulmonary tuberculosis was a fiequent forerunner of pellagra m the southern 
United States Geek (115) brought forward strong evidence that tuberculosis 
might be an important cause of pellagra, and noted an especial susoeptibilitj 
among women He saw pellagia follow the pulmonarj’', peritoneal and intcsfmal 
type of disease Many other reports occur (39, 51, 113, 137, 151, 15G, 251, 351, 
357, 390, 399) It is probable that fever and anore\ia together e\plam most of 
the cases Stannus (343) cites Faber to fortify his belief that tuberculosis pre- 
disposes to pellagra by causing gastntis 

Six colored patients in the Ohio gioup had pellagi i secondary' to pulmonary 
tuberculosis There was none in the Alabama group 9 his is in sharp contrast 
to malaria 

Other forms of iuhcrculosis In addition to intestinal tuberculosis seieral 
instances of pellagra complicating tuberculous pontonitis have been reported 
(01, 113, 279, 349) Foerster (112) has observed it m miliary' and joint tuber- 
culosis 

4 Typhoid fever Among the many controacrsics which hate left then scats 
upon the histoiy of pellagra, one of the bitterest w as that concerning the nature 
of “Typhoid pellagra ” It is idle to try to reconstruct from a ague records and 
indefinite descriptions the true nature of many of the reported cases Probably 
sonic so diagnosed were simply that profound and temblo cacheua which seals 
the doom of any set crely ill pcUngrm not adequately treated Other cases seem 
to be ctamplcs of the ravages w rought upon typhoid patients by' inanition under 
the dictum, "Stanc a feter ” Indeed, from dcscnptions it seems possible that 
the so called typhoid tongue w as sometimes the early glossitis of mcipient pellagi a 
(388) At any rate, cases reported as typhoid pellagia may hate been 'oteic 
ty plioid complicated by pellagra, or pellagra complicated by ty plioid fever or just 
terminal pellagra It was not until 1880 when Ventun (374) pointed out the 
occurrence of ty phoid fe\ cr follow cd by pellagra that tnic secondary pellagra in 
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typhoid was obseivcd He also found cases when an intercuuent typhoid oc- 
curied during the couise of pellagia Though somewhat similar cases had been 
leported by Landouzy (181) and Strambio (347), their nature is not clear 
Procopiu (150) and Watson (382) both obseived the association of typhoid and 
pellagra though they regarded the typhoid as a complication Roberts (290) 
mentioned cases wheie t 3 ^hoid was clearly the piecipitatmg agent of pellagra 
Other cases aie lepoited (13, 14, 152, 285, 396) It is interesting that since the 
therapy of typhoid fevei has mcluded pioper feeding pellagra as a complication 
has not been reported in this country We have not seen a case 

5 Syphihs It is improbable that early syphilis, except the congenital type, 
impairs nutrition On the other hand many of the destmctive ravages of late 
S 3 ^phihs are handicaps of the most seveie kmd These may vary from syphilis of 
the stomach to the benignant mertia and economic chaos of paiesis, from the 
persistent food loss of tabetic gastric crises to the nutiitional failure in congestive 
heait failuie consequent upon luetic aortitis and aortic legurgitation Even 
most caieful anti-luetic theiapy may be maned by accidents such as hepatitis 
which interfere mth the fine balances of metabolism and nutrition The high 
incidence of pellagra among S 3 ^philitics was lepeatedly emphasized by Babes (13, 
14) and has been noted by many workers (92, 150, 221, 230, 234, 280, 283) 
Much of this association is coincidental because both syphilis and malnutrition 
pievail among economically maladjusted and mental^ letaided levels of societ 3 '’ 
^^'e have been struck, howevei, by the relative larity of S3T5hilis among the 
endemic pellagrins in Alabama When syphilis was a factor, alcoholism and 
other diseases weie ancillary 

'SYe have seen pellagia develop in two victims of tabes when the loss of food 
from lepeated vomiting was the piime causative factoi Luetic aoititis with 
congestive failuie and progi essive hvei enlargement was responsible in two 
instances Aneui 3 sm vith compiession of the mediastinal structures and 
esophageal defoimit 3 ’- vas the background in anothei case From this evidence, 
and the liteiature cited, S3q3hilis appears to be an impoitant factor in nutiitional 
failuie only in the teitiai 3 ’- or destructive stages 

6 Lepiosy It is highl 3 '- piobable that pellagia and many other chronic affec- 
tions of the skm wei e included undei the term leprosy m the ancient past Casal 
(57) oiiginally described pellagra as “a kind of leprosy, very strange ” One of 
the S 3 Tion 3 Tns for the disease in Spam ivas "Asturian leprosy ” Pruner (277) 
oiiginally wrote of pellagra in Eg 3 "pt under the heading of “Leproses ” In latei 
times but befoie the modem peiiod, it was geneially taught that lepiosy, pellagra 
and tuberculosis thiove in the piesence of undernutrition R M Wilson 
(389, 390) m Koiea v as the fiist to lepoi t a series of lepers who developed pellagia 
as a complication Lowe (195) m India lepoited 40 cases of pellagra developing 
m a leper colony These people differed from the natives outside the colony only 
in the lepiosy, so Lowe consideied that lepiosy was a tiue piedisposmg cause of 
pellagra Raman (279) also lepoited pellagra secondaiy to leprosy IMany 
factors favor this complication (251) Chronic debilitating disease undermines 
nutrition Infection and tiophic changes aie important It is probable that 
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malnutrition predisposes to leprosy also We haAc bad no experience with 
pellagia in leprosy 

7 Childhood diseases The older pellagrologists did not iiTite of the association 
of pellagra nith childhood diseases and ue one the first observation to Rice (280, 
287) In discussing pellagra in two South Carohna orphanages, he said, “m both 
orphanages an epidemic of measles and whooping cough occurred just prior to the 
outbreak of pellagra ” Siler, Garrison and MacNeal (322) stated that “in a 
number of cases the development of pellagrous symptoms in children was pre- 
ceded by one of the acute exanthematous diseases of childhood ” Niles (240) 
mentioned cases followang pertussis ICmgcry (174) saw a similar case, as did 
Greenfield and Holmes (130) who also obsened pellagra followang chicken pox 
and wlioopmg cough We have found no mention of mumps oi scarlet fever 
specifically as precipitating episodes (37) but we have seen 3 cases of pellagra 
followang mumps The difficulty of mgesting food, the frequently upset stomach 
with ready vomiting and refusal to eat, all bear their weight in disturbing the 
normal nutntional balance It is probable that m legions of poor nutrition the 
acute infectious diseases of children are frequent causes of mild vitamm defi- 
ciency syndromes, but rarely of frank pellagra 

8 Miscellaneous infectious 

(a) Appendicitis Niles (240) mentioned appendicitis occurring durmg the 
course of pellagra, though from the descnption it is probable that the difficulty 
with the appendix preceded the pellagra Other cases have been noted (90, 150) 

(b) Chronic hronchitts Gemma (116) has described a fetid bronchitis in 
pellagrms and in some patients the advent of bronchitis was associated with an 
exacerbation of the pellagra in the late winter and spnng There are other 
reports (13, 102, 387) 

(e) Gangrene of the lung and pulmonary abscess Labus (179) was the first to 
record the occurrence of pellagra with gangrene of the lung Smee that time a 
few isolated reports have appeared (173, 177, 351) Chronic pulmonary' abscess 
or gangrene as the antecedent cause of pellagra has been noted (173, 177, 351) 

(d) Infected wounds Sydenstricker (351) has seen pellagra follow severe 
wound infection 

(e) Influenza Though Agostini (1), Roberts (290), Dyer (90) and Garrett 
(114) have obsoi-vcd pellagra dev eloping durmg oi after an attack of influenza the 
absence of any conspicuous inciease in pellagra in the wake of the pandemic of 
1917-20 indicates that the association is not very frequent 

(0 Otitis Media Pellagia following chronic middle car infections has been 
observed (274, 351) 

(g) Meningitis A jiossible case of pellagra secondary to meningitis was dts- 
cussed by' Clark (02) Other cases have been recorded (343, 351) 

(li) Peritonitis In addition to tuberculous peritonitis, pellagra following 
infection of the peritoneum has been mentioned (315, 332, 351) 

(i) Staphylococcal scphccmia Boggs and Padget (39) obsen ed pellagra follow - 
mg staphylococcal septicemia with multiple abscesses 

0) Tetanus Labus (179) has reported pellagra in tetanus In such a case 
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lockjaw with its obstruction to the intake of solid food and the increased metabo- 
lism might readily precipitate the disease 

(k) Mtscellaneous Among the miscellaneous fevers and infections which may 
be comphcated by pellagia, are found furunculosis and puerperal fevei (193), 
typhus (179), unexplained fever and pyelitis (344), hrain abscess (139, 181), in- 
fected leg (272), and yellow fever (138) 

Cei tarn febrile diseases are discussed under the body system mvolved Otheis 
may be foimd in Table V 

VIII PREGNANCY AND LACTATION 

The frequent outbreak of pellagra durmg pregnancy and lactation formerly was 
considered to be a result of “impaired vitality ” It became mtelhgible when it 
was recognized that pellagia was a deficiency disease Though such tei-ms as 
“nursmg mothers’ sore tongue” may mdicate an ancient histoiy the earliest 
lecognition of pellagra following pregnancy was made by the elder Strambio (347) 
m 1786 Caldenni (55) studied the incidence, age and sex distribution of pellagia 
by statistical methods, showung that the malady developed earlier and lasted 
longer in women than men In addition, more women had pellagra No reason 
was advanced foi this discrepancy Brief note of pregnancy as a precursor of 
pellagra is to be found m lecords published by many observers (14, 41, 84, 290, 
303, 309, 310) 

The first compiehension of the probable reason for this unhappy result of 
pregnancy and lactation is found m Vedder’s article ivritten m 1914 (373) wheie 
he showed that the piepondeiance of pellagra m women durmg the childbeaimg 
period could be explamed most readily on the basis of a dietary deficiency In 
this respect pellagia was analogous to beriberi wheie this unusual incidence was 
sometimes seen (372) 

The fiist investigation of the relation of pregnancy and childbirth to pellagra 
V as earned out by Silei, Gaiiison and MacNeal (322-324) They found that the 
initial attack of pellagra did not often follow immediately upon the teimination 
of piegnancy, but attacks duimg the fiist slx months after childbiith were numer- 
ous In then patients the mcidence of pellagra during pregnancy was very low 
If lecurrence came it was m the late months of piegnancy They noted a high 
incidence of pellagra when the last months of gestation coincided mth the 
seasonal peak of pellagra m spiing and early summer months. Unfortunately, 
they made no study of the number of previous piegnancies, and no mention of 
lactation, or abnormalities of the puerperium, though their figuies show that it 
vas the peiiod of lactation rathei than pregnancy itself, which was associated 
with the heightened mcidence of pellaga They concluded that pellagra was an 
obscuie infection 

H F Hams (150) who believed pellagia was hereditaijq did not consider that 
any of the collected figures gave evidence foi tiiie female piepondeiance of statis- 
tical woith on the giounds that dormant oi subclmical pellagia was not recog- 
nized and thus nevei got into moibidity tables He did admit an influence of the 
puerperal state and nursmg upon pellagra 
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Goldberger (120) emphasized the important part played by pregnancy, child- 
bearing and lactation in predisposmg to pellagra Guthrie (138) and Gregg (131) 
have mentioned the deletenous effect of lactation and pregnancy A special 
article on the subject ivas UTitten by Cnspolti (70) Stannus (343) believed that 
the reduction in gastric HCl during pregnancy favored the appearance of pellagra 
The dc\elopment of pellagra durmg pregnancy and the period of lactation has 
been stressed by many writers (15, IG, 118, 142, 152, 178, 246, 272, 330, 337, 366) 
hliscarriages as precipitatmg episodes have been mentioned (199, 290, 309, 
310, 383) 

Certain causes for the unfavorable mfiuence of pregnancy, parturition and 
lactation upon nutrition are no longer obscure The fetus must denve its entire 
tissue substance from the mother This form of parasitism is no more benignant 
than that of any mvadmg parasite Were no other factors at play the tissue 
building matenals leeched from the mother durmg gestation constitute a severe 
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loss Under circumstances of abundant health and optimum nutrition this loss 
IS constantlj replaced When diet is near the mmimum in ordmarily required 
constituents the added stram of pregnancy may prove sufficient to undermine 
nutrition or even precipitate the full blown picture of vitamin deficiency disease 
Though the senous drain on calcium stores has long been recognized and appro- 
pnatcly remedied, the loss of water soluble vitamms and protein has been empha- 
sized only reccntlj Suboptimum supply of these factors may be os important 
as want of calcium in producing ill health as a result of piegnancy In addition, 
calcium deficiency, b> destroying the mtegnty of the teeth, may be another 
source of ill nutrition caused by pregnancy Thus one deficiency may^ lead to 
another 

Early in pregnancy nausea may interdict eating, or vomiting may prevent 
utilization of ingested food Often protem foods are distasteful and the diet 
bulks largo in carbohydrates and less often in fats Curiosities of appetite and 
bimrre food tads are common The failure to cat wisely results in acceleration 
and accentuation of gastro intestinal disturbances because of the functions of the 
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B Vitamins m normal alimentary activity. Thus an apparently innocuous mmor 
complication of pregnancy may lead to a pernicious cycle endmg in severe nutii- 
tional failure manifested by an outbreak of pellagra 
The stram of childbirth, the ivoriy and feais attendant thereto, the excessive 
muscular effoit, seveie fatigue, the use of anesthetics and sedatives, may lead 
to a crisis So also may the loss of blood and occurience of var 5 ung degrees of 
infection add complications which make the eaily puerpeiium a time of election 
foi pellagra Perhaps even the loss of materials formmg the placenta is im- 
portant 

Lactation is but a contmuation of the parasitism of pi egnancy — changing from 
obligatory to facultative TJndei normal conditions the mammalian infant 
depends wholly on the mother’s body foi food This means that the erosion of 
never too ample vitamm reserves contmues Because of nature’s priority regu- 
lations it IS usual foi the mother to suffer rather than the nursmg i^ant If the 
nutiitional state is very pooi with no reserve to fall back upon, the lapidly grow- 
ing child may also develop signs of some specific deficiency (26, 337) Thus a 
secondary pellagia may occur m both nursmg child and lactatmg mother In 
rare instances a nursmg child may have clmical pellagia while the mother has no 
diagnostic evidence of it This may reflect a cairy-over from an mtrauterme 
deficiency in the fetus, a failure of normal lactation, some alimentary disoider 
impeding the mfant’s assimilation oi unexplored factors 
Recent studies uith labelled molecules mdicate that many essential constitu- 
ents of the human organism are in a delicately balanced state of equihbrium uuth 
constant interchange between cell, tissue fluid and blood Continual loss of 
essential water soluble compounds through excretion must be leplaced b 3 ’- a con- 
tinual supply assimilated fiom food Theie appear to be inadequate barriers of 
lenal threshold for manj'^ essential factors Mechanisms of homeostasis become 
progressively less efficient with the increasing availability of various essentials 
Absence of oxj’-gen may piove fatal in imnutes, of water m days, of energy foods 
in veeks, and of vitamins m longer periods Verj’- little is knovm of storage 
depots of the B vitamms and enzjunes m man, but studies vuth subjects on expeii- 
mental diets show that the stores aie leadily exhausted, especially under ciicum- 
stances imposmg metabolic stress and stiam (24, 335) It is small wonder that 
childbearmg is a heayj’ dram upon natural stores of piotoplasmic essentials — 
buildmg materials, fuel supplj’’ and the enzymes releasing kinetic eneig}'- 

Loss of vitamms ma}’’ occui m any loss of bod}’^ fluids or substance Several 
unmeasured processes maj’- be of importance in the aggregate Women m the 
childbearmg period aie subject to the continually mtermittmg erosion of men- 
strual blood loss and often the depletions attendmg gestation and lactation The 
potential risks are moie grave in those vho have subsisted on diets just adequate 
to protect from vitamin deficiency For this leason the dangers m areas of 
endemic dietary deficiency are leal whereas m regions of higher levels of sub- 
sistence the dangers are not so important 

An attempt to detennme the role of pregnancy among all patients with severe 
or moderatelj" seveie vitamm deficiencj’’ diseases m the Kutrition Clmic in 
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Binningham for the years 1940 and 1911 has yielded some mterestmg figures 
The first group of selected patients so studied included 290 women (and 121 men) 
over 20 years of age All but 10 of the women had borne children and almost all 
had nursed them In 89 instances the relation of lactation and pregnancy was 
well established as the pieoipitatmg factor m pellagra, and it was probably a 
predisposing handicap m the majority In only 13% of the negro women were 
these factors of much importance, whereas in about 32% of the white women it 
was the important precipitating factor We confirmed the observation of Silei, 
Garnson and MacNeal that when the last trimester of pregnancy comoided with 
the seasonal peak of the pellagia an outbreak was most likely to occur It was 
further observed that the risk of i elapse m pellagra was greater with each succeed- 
ing pregnancy and period of lactation As a corollary on this observation 
pellagra was more apt to occur m the younger than the older children and to be 
more severe In an area of endemic marginal nutrition families wuth a lived 
income and fixed food supply will encounter more nutritional deficiency as the 
family grow s larger because the meagre ration is spread thumer and thinner The 
mother m particular runs a greater nsk of pellagra with a family mcreasing m 
size and food requurement Contrary to a widespread belief these pellagrins w ere 
remarkably fertile 

A totally unexplored field is the relation of vitarams to endoerme function m 
women Wo have made obsen ations which suggest that this should be investi- 
gated (24) A few hints of important relationships between vitamins and hor- 
mones are noted in the literature (160, 198, 309) 

The accidents of pregnancy and the puerpenum also hove an unfavorable 
influence on nutrition In four of our patients the outbreak of pellagra follow ed 
an infected abortion Miscarriage twice and tubal pregnancy (with rupture) 
once were the direct precipitating agents Besides the usual factors, infection, 
hemorrhage and operation were important m these cases 

IX PELVIC DISSaSE IN W'OMEN 

Though many had noted the preponderance of females of the childbeanng age 
among pellagrins no one stressed the possible cause and effect relationship of 
pels 10 disease before Saunders (309, 310). who called attention to pelvic disease, 
abortion and gynecological operations as antecedents of pellagra She also re- 
emphasized the frequent occurrence of menstrual and pels le disorders dunng the 
course of pellagra Decks (84) recorded an instance of pellagra complicating 
gonoriheal pelsic disease but made no comment upon it Siler, Garnson and 
AlacNeal (321) stressed the increased likelihood of pell igra m women wath pels it 
disease, emphasizing its general depressing influence Garrett (114) obsen cd 
one patient with gonorrheal pcKic disease and utenno myomata ssho developed 
jwllagra One of Hudson's (1G4) patients dcs eloped pellagra follow mg an opera- 
tion for pels lo inflammatory disease Turner (38 j) mentioned similar cases A 
V erv large senes of pellagrins wath this disorder was reported bv Cnitclifield (77) 
jVii operation for peine gonorrhea resultmg m a fecal fistula which eventuated in 
pellagra w is reported by Dav les and McGregor (81) PeK ic disease was noted 
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by Sydenstncker and Armstrong (351) m 3% of their pellagrins The mechan- 
isms mvolved were not discussed m any of these cases Chronic mfection, pam, 
fever, loss of appetite seem to be important 

Chronic pelvic mflammation definitely undermmed the health and nutrition 
m 15 of our patients who developed pellagra Twelve were colored The 
average age was 35 The sequels of improperly tieated gonoirhea m the female 
mclude many conditions favormg chronic ill health Arthiitis, perihepatitis, 
pelvic adhesions "with partial bowel obstruction as well as the mfection itself may 
aU add a burden which finally distuibs nutrition to the pomt of clinical deficiency 
disease 

Carcinoma of the uterus The disastious nutritional consequences of any 
generahzed neoplastic disease are well known Instances of pellagra followmg 
carcmoma of the cervix or body of the uterus are knoivn (119, 164, 313) The r61e 
of surgical operation and radiotherapy must be considered In three of our 
patients caicinoma of the cenux and its comph cations led to pellagra 

X NEOPLASTIC DISEASES 

Several mechanisms may be mvolved m the development of pellagia as a com- 
plication of neoplasms Some of these relationships are discussed elsew^here 
The following pomts are considered heie 

1 Metabolism It is ivell known that the metabolic requirements of lapidly 
growmg tissue are high If the neoplastic tissue mass is small m comparison with 
that of the host, this added demand may be met mthout serious depletion of the 
host In very mahgnant tumors, mvasion and mestastasis rapidly mcrease the 
total mass of the tumor m relation to that of the body As far as the quantitative 
aspect of metabolic requirement, it is apparent that a tumor is a more senous 
paiasite when laige or when very malignant than when small or slowly growmg 
Consequently a deficiency disease is apt to appear late m the course of neoplastic 
disease and the risk is w^orse with very mahgnant tumors It has not been dem- 
onstrated that the parasitism of a tumor is ever the sole agent m producmg a 
deficiency syndrome The hope of treatmg tumors by creatmg a deficienc 3 '' m the 
host which starves the tumor seems remote because the host probably wDuld die 
first 

2 Mechanical obstacles to nutrition Neoplasms m or near the alunentary 
canal may result m mechanical as w^ell as functional disorders of digestion A 
tumor of the tongue, hp, jaw' or gullet may interfere bitmg, chewung or swal- 
lownng by reason of disordeied mechanics, pain or a loss of appetite The 
sequelae of obstniction at drffei ent levels of the gut have been discussed Inevi- 
tably there is an acute nutiitional imbalance Development of objective mani- 
festations of deficiency disease depends m large part upon the state of nutntion 
at the tune obstiuction becomes complete and upon the possibility of by-passmg 
it Neoplastic diseases of the colon are associated mth varjung disturbances in 
bowel function Altematmg diarrhea and constipation are frequently encoun- 
teied Cathartics may be abused in an attempt to overcome constipation 
Nausea and vomitmg put further restnctions on food available for digestion 



SECOKDABT PEtliAQRA 


47 


3 Infection Neoplasms may become the nidus of bacterial infection An 
mcrease in metaboltsm may be expected with the concomitant rise in temperature 
Tissue necrosis rvhich results from ischemia m some tumors may produce similar 
disturbances 

4 Hemorrhage from various tumors may be acute or clironic, large or small 
In some instances severe anemia results Tins interferes with nutrition m the 
wdest sense and may combme with other factors to facilitate the development of 
V itamin deficiency 

5 Radiation therapy It is well known that radiation of some normal or neo- 
plastic tissues maj be followed by nausea, vomiting, headache and loss of 
appetite Radiation sickness is m itself a hmdrance to nutrition It is possible 
that another mechanism may evist m the disturbance of respiratory enzyme 
S3’stenis (25) 

6 Dextrose Dextrose as a food has the same defect as alcohol It supplies 
calones m an accessible form but contains no vitamms to help m combustion 

The final stage of many neoplastic diseases is cachexia This represents failure 
m nutiition plus the harm done by “toxic” factors WTij pellagra is not more 
frequent m such states is not clear Pellagra does not occur m complete starva- 
tion Wlien all food is withheld and energj' is denved from the breakdomi of 
body tissues death occurs before vitamin deficiencies are manifest m clmical form 
The total metabolism is greatly reduced m starvation and activity is restricted 
voluntarily Cellular breakdown maj mobilize vitamms from storage or liberate 
enzjmes from autoljzed colls m quantities sufficient to protect the remammg 
tissues against severe degrees of deficiency as long as the metabolic requirements 
are very lovs 

Though Strambio (347) mentioned it, Landouzy (181) was the first to stress the 
occurrence of pellagra m persons afflicted with various cancerous processes 
Specific carcinomas mclude prostate, pelvis (77), pancreas (241, 313), penis (279) 
Other neoplasms are considered under the body system involved Writers on 
sporadic pellagra have noted the emergence of pellagra m many cachectic condi- 
tions The problem vv as confused bj the maize doctrmaires who w ould admit no 
pellagia wathout com and who added confusion w ith their tortured arguments to 
get around the difficulties thus engendered, by inv entmg specious terms such ns 
pseudo pellagra and parapellagra Tlie relationship of nutrition to neoplastic 
growth IS still not well understood and oflers a fertile field for study 

XI E^DOCniNB BlSOnDEHS 

Our knowledge of interrelationships among vitamins, cnzjTnes and hormones 
rests upon a poorlj integrated aecumulation of fragmentarv and sometimes con- 
flicting and irrelevant observations made on sundrj microorganisms, oxperi 
mental animals and human bemgs Tlie complexitv of the problem becomes 
manifest when one tries to correlate polv glandular endocrine djscrasivs with 
multiple vitamm deficiencies The question has been raised docs an inadequate 
supplj of V itamms ev cr giv e rise to a specific endocrine disease’ Does the con- 
verse proposition hold’ Is the mordinatclv largo number of females of child- 
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bearing age among endenuc pellagrms a consequence of some subtle endocrme 
disorder, connected \^uth the tides of estrogen ebb and flow or of pituitary func- 
tion, m addition to the better understood vitamm depletion caused by menstrua- 
tion, childbearing and lactation? McCarrison (198) and others have noted 
changes m the thyioid and adienals of experimental animals fed on a vitamm B 
deficient diet No such study has been leported since the more recently distin- 
guished factors of the B complex have been made available The effects of 
inanition alone are well known and the similarity between Simmonds’ disease and 
anoiexia nervosa suggest a secondary rather than prnnary pituitary disorder in 
malnutrition Nauck (243) was impressed by a possible pituitary deficiency in 
pellagia and a lecent study of pituitary gland therapy m “pellagra” may mdicate 
a relationship between the pituitaiy gland and utihzation of nicotmic acid and 
nboflavm In the cases reported by Sutton and Ashworth (162) it is not possible 
to evaluate diarrhea, failure of absorption, high requirement and physical 
activity They made no effort to estabhsh the presence of a deficiency by labora- 
tory methods Diet does not appear to have been controlled The development 
of signs of nboflavm deficiency dm mg mtensive nicotinic acid therapy is not rare 
(354) The most that can be said is that more cases adequately controlled 
should be studied before drawing conclusions 
AJdalh (2), Roberts (290), Harris (150) and Kooser and Blankenhorn (178) 
have emphasized the high incidence of pellagra during the menopause It is not 
possible to appraise the rdle of hormonal readjustments, psychic aberrations, poor 
diet and other factors m menopausal disordeis In different patients entiiely 
different factors seem to operate We have been impressed by the history of the 
well nigh unmterrupted cham of pregnancy, parturition and lactation m our 
patients who develop diagnostic evidence of pellagra during the menopause 
More specific factors cannot be evaluated 
Sandwith (304) has mentioned puberty m boys as a predisposing cause of 
pellagra Fiom unpubhshed studies (24) it is apparent that theie is a sparmg 
action if anythmg smce the incidence of pellagra is very low among persons from 
10 to 20 yeais of age We have seen pellagra occur followmg a sudden spurt of 
gro^vth m adolescence Cid Rojas (62) has mentioned pellagra complicating 
renal rickets Endocrme problems m relation to pellagia are dealt mth by 
Aschoff (11), deLangen (182), Thannhauser (356) and Mamzer (212, 213, 214) 

1 Diabetes insipidus Any distortion of the normal flmd-electrolyte balance 
givmg rise to persistent pobmiia conceivably might lead to such an mci eased 
excietion of water-soluble vitamins or enzymes as to pioduce a deficiency disease 
sjmdrome In the absence of specific mformation i egai dmg threshold and noimal 
daily excretion this possible cause of deficiency remams hypothetical Thei e ai e 
only tv 0 references to pellagia in diabetes msipidus The fiist is that of Ilameau 
(144) who mentioned, in his Pans Thesis, a case of pellagia vnth extreme polyuiia, 
m all probability diabetes insipidus Vogt-Mpllei (379) reported a patient vnth 
diabetes insipidus who developed typical signs of mild pellagra The vitamin 
balance m man has not been studied in induced diuresis since tests for vitamin 
B-complex factoi s have become available In this connection it is of interest that 
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the Russian worker Rassiilev (281) considered diabetes insipidus to be one of the 
constant features of pellagi a His evidence is not clear but he did report pellagra 
in the presence of e\trcine poljTina and polydipsia Cowgill, Rosenberg and 
Rogoff (72) demonstrated the acceleratmg power of enforced diuiesis on the 
development of signs of vitamin Bi deficiency m dogs It seems probable that 
foremg fluids too assiduously is partlj responsible foi some cases of postoperatn e 
pellagra (354, 3G6) 

2 Diabetes mclhtus That full blown pellagra is a rare complication of diabetes 
mcUitus is apparent from the survejed literature on pellagra m the pre-nicotinic 
acid days (12, 38, 223, 247, 290, 323, 351, 392) The occurrence of glossitis and 
stomatitis in diabetics, howerer, had been noted for many shears (330, 391) 
Hams (162) observed pellagra m less than a tenth of 1% of a large senes of 
diabetics Vilter, Vilter and Spies (370), observmg a decrease m the concentra- 
tion of the codehydrogenases I and II m the blood of diabetics m severe acidosis, 
suggested a possible reason for the occasional association Our records contain 
four cases where pellagra developed as a complication of severe diabetes Sjden- 
strioker, Gecslm and Weaver (353) and others (274, 379, 398) hare observed this 
train of events Thej belier e that sudden merements in carbohydrate or msulm 
putting an added burden on enzjTno sj'stems may precipitate the acute manifes- 
tations of pellagra It is important to recall the frequent association of mfeotions 
m se\ ere phases of diabetes and their auxiliary role m pellagra A similar patho- 
genesis for the peripheral neuritis long recognized in diabetes has been adranced 
(105) Hou (102) mentioned pellagra associated wath renal gljcosuria 

Pellagra may arise as a complication of diabetes foi several reasons The high 
carbohydrate diet often prescribed may be deficient in piotem and vitamms 
This is espcciallj true when sugars and highly milled grains and their products 
constitute the great bulk of the calonc supply The part of infection has been 
noted Because of the contmued polyuna water-soluble xatamins and then 
related enzymes may be washed out m the urme though it has not been demon- 
strated thatxitamms arc lost m dangerous amounts in the polyuria of diabetes 
Hie decrease in nicotinic acid amide containing nucleotides m diabetic coma docs 
not occur in well regulated diabetics 

3 Thyroid disease Recognition of endemic goiti e as a deficiency disease w as 
one of the carb clear cut demonstrations of the positii e harm done b\ a negatu e 
force in nutrition An association of pellagra and thy loid disease was recognized 
long ago by laimbroso (193) It was his impression that certain foniis of thyToid 
desease resulted from the same com “toxins” that pioduccd pellagi"! From his 
case records, howerci, if is apparent that the thyroid disorder antedated the 
pellagra In I ombardy the association of cretinism and pellagra w as common- 
place but it w IS generally belici cd tint both were manifestations of com poison- 
ing or that cretinism was an inherited masquerade of iiellagra Vnltort i (370) 
undo an extensive studv of the thyroid m pellagra and ho concluded that the 
insanilx of pellagra was often the cause of “dysthy roidisra” which might assume 
the gUL-c of either ov cr- or imdcr-activ ity II F Harris (150) cited experimental 
evidence on dogs kept on a com diet for a short time m which profound alterations 
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of the thyroid gland were found After these early observations there was a 
period dining which the polemics concernmg etiology of pellagra weie so active 
that many auxiliary factors in the cause were used only as starting pomts for 
some new hypothesis 

Babes (13) implied that pellagra might be a sequel rather than a cause of 
thiToid disease In a senes of 250 cases published in 1912 he found cretinism had 
' existed in 25 and goitre m 32 cases He was impressed with the multiplicity of 
factors impaiiing geneial health which tended to produce pellagra Niles (246) 
also mentioned thyroid disease as an associated factor In more recent years 
Shelly (317) has observed pellagra in association with thyroid disturbances 

Assuming that the essential deficiency operating m the genesis of pellagra is a 
failure in the catalytic cham of tissue oxidations, acceleration of tissue respiration 
such as obtains m hyperactivity of the thyroid gland might result in the bio- 
chemical lesion responsible for the ultimate emergence of clinical pellagra That 
pellagra is not an almost constant sequel of thyrotoxicosis may indicate that the 
qualitative as well as quantitative mcrease in diet ordinarily is able to supply the 
increased requirement for enzyme precursors found in food When the diet is 
poor in nicotinic acid but more nearly adequate for caloric demands pellagra may 
result It may also be of importance that powers of mtestmal absorption are 
enhanced durmg inci eased thyroid activity (10) The nutritional disasters 
which may result from the qualitative failure in nutrition when carbohydrate is 
in ci eased without vitamins have been observed (141, 366) 

In cietmism and myxedema pellagra may occur but because of another set of 
circumstances One would expect upon theoretical grounds that the reduced 
total metabolism in hj^pothyioidism would render the victim relatively impervi- 
ous to pellagra Tins is counter -balanced by defective absorptive powers (10) 
and by voluntary dietary restrictions which may occur in myxedema Besides 
the early cases (13, 193, 333), no note of pellagra in myxedema was made until 
Greene’s report (129) From his histories and therapeutic studies it is probable 
that myxedema was the primary disorder and that pellagra was a sequel It was 
not possible to say that impiopei diet rather than reduced absorption fiom the 
alimentary canal was not of major etiological importance m these cases A 
similar case was reported by van Bogaert (38) 

We have observed instances of very mild pellagra complicating thyrotoxicosis 
This IS usually^ controlled well enough by rest and lodme but in all cases the 
course is made smoother by proper vitamm and diet therapy In two pellagims 
thyroid overactivity was clearly responsible for the outbreak of severe pellagra. 
In one, lesponsc to nicotinic acid was dramatic and m the othei a remission fol- 
lowed “lugohzation” and subtotal thyioidectomy. We have seen pellagra de- 
velop in one untreated patient with myxedema In anothei, relapse occuned 
duimg the thjuoid administration 

In an cxpei imenl one of us (W B B ) conducted upon a group of 89 ambulatory 
patients m Biimingham m 19 10 during a stage when thou pellagra was quiescent, 
administiation of 3-6 giams of thyioid substance daily for 4-8 weelcs was folloived 
by 1 elapse in only a few moie instances than in a contiol group All those who 
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relapsed had diarrhea before the derma! and mueosal signs of pellagra reappeared 
It lias not possible to control this stud 3 inth satisfactorj estimates of basal 
metabolism 

4 Addison’s disease The connection between pellagra and Addison’s disease 
LS umque because of many similar cluneal features Years ago it was recognized 
that the differential diagnosis might be impossible in those cases nhere the mani- 
festations of Addison’s disease merged imperceptibly into those of pellagra, or 
vice versa Neusser (244) m as the first to comment upon the similar disturbances 
in the tiio diseases He emphasized the extreme changes to be found m blondes 
It was hoped that by analogy with Addison’s disease some light would be throivn 
on the obscure cause of pellagra Finotti and Tedeschi (1 10) reported abnormali- 
ties m the adrenals m peUagrms Rubmato (297) called attention to the hypo- 
tension, asthenia, hypothermia and pigmentation in a pellagrin whose adrenals 
shou ed fibrous atrophj In retrospect it appears that the Uldison’s syndrome 
■n as the mitial disturbance and the pellagra a sequel though the author interpreted 
it othenwse Rondom and Alontagnam (295) claimed to have produced changes 
m the adrenals of animals on a com diet IMcCarnson (198) repoited expensive 
endoonne gland changes m various animals on diets poor in the B vitamms and 
nas particularly impressed by the adrenal hjpertiophy of pigeons and monkeys 
It seems that Thannhauser’s (350) case \\ as the first instance m hero it i\ as clearlj 
recognized that the adrenal disease anteceded clinical signs of pellagra The 
autopsy of this case u as repoi ted in detail by Aschoff (1 1 ) Packard and Weclis- 
ler (258) reported adrenal insufficiency in 4 subjects with chrome malnutntion 
Loiy Simpson (188) reiiened the literature on this mterestmg problem and 
emphasized the dual relationship betii een pellagra and Addison’s disease Sclare 
(311) reported a case ivith symptoms of adrenal hypofunction but apparenth 
nonnal adrenals at autopsy A further report on the problem is that of Babino- 
X ich and Kogan (278) 

In typical cases the pigmentary changes in the tii o diseases are easily distm- 
guished In Addison’s disease the pigmentation tends to be an accentuation of 
the normal It is generalized It appears in the mucous membranes and m the 
palmar folds In pellagra the pigment appears nhere there has been a dermal 
lesion The changes are localized and sharply outlmcd, syonmetncal and appear 
in regions exposed to irritation or trauma Veiy rarely pigmentation may be 
diffuse and resemble that in Addison’s disease but does not appear m the mucous 
membranes or skin folds 

IVe haxc obsened pellagra complicating Addison’s disease in four instances 
Loss of appetite, nausei, and abdominal cramps all reduced the food mtake, and 
with the advent of \omitmg and diarrhea, clinical signs of pellagra developed 
Althauscn (10) has reported that intestinal absorption is defective m adrenal 
di«c i=e IMicther this is primary or secondary is not known It is not possible 
from the scanty information to know whether phosphorylation defects arc of 
impoitaiico m disturbing nutrition further 

Calvo hfclcndro and Alongo (50) have reported adrenal tumor and pellagra 
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XII RENAL DISEASE 

To judge from the reports, pellagia is an uncommon sequel of renal disease 
A few early European pellagiologists considered chrome nephritis a result of 
pellagra (117, 222) In our experience many patients wnth renal disease, par- 
ticularly the chronic types associated "ttuth hypei tension and heart failure, 
ultimately developed pellagra Deeks (84) gave case reports of pellagra compli- 
catmg nephritis, both acute and chronic, and Martm (224) likewise mentioned 
chionic nephiitis Boggs and Padget (39) observed chrome nephritis in two of 
their pellagrms (6 5%) but Sydenstneker and Aimstiong (351) found chronic 
nephiitis m less than 1% of their cases Smith and Stevens (329) emphasized 
the role of caidio-vascular-renal disease m pellagia m California Haden and 
Matthews have reported similar cases m an endemic region Goldbloom and 
Lieberson (121) gave a detailed case report of pellagra m a cardionephntic and 
discussed the nature of this comphcation There are others reported (141, 226) 
We have seen pellagra complicate pyelonephritis four times, nephrosclerosis with 
hypertension and uremia four tunes, amyloid nephrosis (tuberculosis) and glom- 
erulonephritis once each The occurrence of nausea, vomitmg and headache 
reduced food mtake considerably and the economic calamity of invalidism re- 
duced the ability to procure food Conceivably the loss of protein m the unne 
may have removed the essential protem . On a pnort grounds one might suspect 
that the renal failure of nephritis would cause retention of water soluble vitamms 
larallelmg the retention of non-protem mtrogen This would be the physiological 
sonverse of diabetes insipidus There is no evidence for this If it occurs it is 
nore than countei balanced bj'- other factors 
Stannus (343) has reported pellagra accompanymg pyelitis wth B coli 
laciUuria Walsh and Norton (381) have discussed pellagi-a complicating 
lephrolithiasis 

XIII CONGESTIVE HEART FAILURE 

Hypertension No special studies of pellagra as a sequel of hypertension and 
leait failure have been found in the hterature surveyed Cases where such an 
ofluence may have been operative have been reported without comment (137, 
76, 227, 302, 303) 

In oui own experience the frequency of pellagra as a complication of hjqierten- 
lon and congestive heart failure has been impressive The Ohio group is 
epiesented heavily (see Table '^'II) The pieponderance of colored females is 
ixtieme Aveiage ages aie given m the chart It is noteworthy that in all 
patients of this gioup theie were several complicatmg factors impairing nutrition 
Alcoholism was frequent, ciirhosis either “alcoholic” oi “cardiac” occurred 
Digitalis intoxication occurred 5 times and the distressing vomiting was i elated 
to the precipitation of pellagia m 2 cases Diabetes mellitus occuired Uremia 
was h equent Addiction to morphme was seen also Unexplained fever, chronic 
bronchitis and pneumonia occuiied ISWocaidial mfarction and pulmonary’- m- 
faiction and embolic phenomena were encounteied m rare mstances 

We did not obseive a single instance of pellagra secondarj* to hypertension and 
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heart failure in the Alabama group We have been impressed by the rarity of 
mcapacitatmg forms of arteriosclerosis and the apparent benignity of the rather 
uncommon hypertension among the endemic pellagrms m Alabama (24) In this 
connection O’Learj ’s (187) obsei vation of the rarity of arteriosclerosis m alcoholic 
cirrhosis of the liver is mterestmg 

Other forms of heart failure Wc har e seen pellagra complicate acute e\acerba- 
tions of rheumatic fever with severe amlvular disease and congestive failure three 
times This has been observed by others (241, 302, 351, 397) In one case of 
luetic aortitis with aortic regurgitation and heart failure pellagra followed a 
period of vomiting thought to have resulted fiom overdigitahzation In one 
patient wath subacute bacterial endocarditis pellagra appeared terminallj 


TABLE VII 
Heart disease 
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1 

- 

1 

B 

1 

1 

B 

so 
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B 

B 

B 

15 

B 

B 

B 

B 
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Discussion It seems probable that the mecliamsras causing the development 
of pellagra m congcstiv e failure are multiple First of all food intake is reduced 
This may be an economic misfortune icsultmg from invalidism More often it 
follows v'oluntarj restriction of diet because of anorexia, pain, nausea, or loss bj 
vomiting and dianhea 111 advised restriction may be part of the therapeutic 
regimen Congestive failuic is associated wath an increase in metabolism, pre- 
sumably arising from the increased work needed for the rapid and difficult 
breathing Anoxemia and tissue anovin reduce the availabilitv of oxygen, and 
might produce changes similar to those occurring from a specific enrvane tlefi- 
ciencj There is no c\ idcncc, how ev cr, that the chronic reduced oxj gen tension 
of high altitudes is a precursor of pellagra 

The following case illustrates the complicated clinical background which ma> 
he found in pellagra sccondarj to heart disc ise 
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Case report M W , (U 109525) This 39-year-old childless colored woman was ad- 
mitted to the medical service of the Cincinnati General Hospital on December 14, 1938 
severely incapacitated by rheumatic heart disease and congestive failure Her family 
history vas not relevant As a child she had repeated attacks of “quinsy sore throat ” 
At the age of 15 she had a prostrating attack of acute migratory polyarthritis v hich kept her 
m bed for three months There v ere no other severe bouts of rheumatism Tv o 5 ’^ears 
before entr}’’ she became av are of gradually increasing shortness of breath Ankle edema 
occurred regularly in the evening These symptoms progressed insidiously so that a year 
before admission she was obliged to give up herwork as alaundress Weakness and dyspnea 
would force her to rest in bed for short periods At about this time she began restricting 
her diet because of post-prandial fullness There was no story of alcohol addiction Al- 
most no meat V as eaten, but bread, soups, or soft drinks, and other largely carbohydiate 
foods constituted the bulk of her restricted diet There was an increase in her usual con- 
stipation She took tablets of digitalis according to her v him and there v ere several spells 
of vomiting which may have resulted from too enthusiastic dosage Throughout the month 
before she came in she v as confined to her bed but took no digitalis In spite of this rest, 
orthopnea, paroxysmal dyspnea at night and massive edema increased and she v as admitted 
to the hospital in great distress She had not noticed the signs of pellagra v hich were ap- 
parent upon admission 

Physical examination revealed a desperately orthopneic, waterlogged colored woman 
Temperature was 101°P , pulse 110 (with a deficit of 20) and respirations 30 to the minute 
Arterial blood pressure was 110/80 mm of Hg The neck veins w'ere engorged Her ab- 
domen was distended but she did not admit having any pain There were several irregulai 
pigmented areas in the skin Typical pellagrous dermatitis was found on her feet, legs and 
elbows, and less characteristic skin changes in her hands and face The teeth w ere carious 
and there w as much foul debris in the mouth The tongue was scalloped w’lth indentations 
from the teeth At the tip and along the margins there w as a fiery erythema and smooth- 
ness from edema The heart w'as enormously enlarged to the right and left In the mid 
axillary line on the left the point of maximum impulse could be seen and felt There w’as a 
systolic apical murmur and a soft rumbling diastolic murmur as well as a diastolic thrill in 
the fourth intercostal space immediately to the right of the sternum The liver w as felt 5 
centimeters below the costal margin Massive edema of the low er half of the bod 3 ' w as 
noted and there were areas of paraesthesia in the skin Laboratorj’' findings included a 
leucocjde count of 16,000 and er 3 dihrocyte count of 5 9 million per cubic millimeter The 
urine obtained by catheter contained large amounts of albumen, a few' white cells and casts 
Urinary pigments were found in abnormally high amounts by the B E S (29) technique 
Several blood cultures wmre sterile The Kahn reaction w as positive The electrocardio- 
gram confirmed the clinical diagnosis of auricular fibrillation and show'ed a tendency to 
right axis deviation and very low voltage of the T w aves 

Course The patient was digitalized and given diuretics Fifty milligrams of thiamine 
were injected tw ice dailj' and vitamin C in doses of 50 mg w as given orally Nicotinic acid 
w as given by mouth in 5 doses of 100 mg daily The only response w as a rather dramatic 
improvement in the tongue which lost its fiery red color and edema In spite of all sup- 
portixe measures the patient died from increasing congestive heart failure after fi-ve days in 
the hospital 

Post-mortem findings The dilated and hypertrophied heart weighed 576 grams, includ- 
ing a large thrombus in the left auricle and a smaller one in the nght There w as advanced 
stenosis of the mitral valve through which the index finger could not pass There wore 
several infarcts in the lungs Bilateral hydrothorax and ascites gave evidence of passixc 
congestion of the viscera, which was also prominent in the liver Edema and congestive 
changes appeared throughout most of the gut The adrenals and other organs presented 
nothing of note 

Discussion This patient is representative of the group developing pellagra 
as a consequence of cardiac failure As a primary' reason one must count the 
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restnction of diet and poor selection of protective foods Even if ive discount 
the povertj resultmg from a loss of steadj work, there are many malign m- 
fluenccs interfering with adequate nutntion The loss of appetite was of im- 
portance Nausea and vomiting contributed The processes of digestion itself 
probably were impeded by the severe congestion and edema of the gut so that 
secretion of digestive enzymes, normal motihty, and absorption viere icduced 
Many functions of the engorged, fibrotic liver undoubtedly were far from opti- 
mum In addition to these barriers to proper ingress of foods metabolism was 
elevated Fevei in association wnth bronchopneumonia and perhaps rheumatic 
mfection added another stress Fmally the generalized anoxemia contnbuted 
its msult Thus there was a conjunction of conditions mcreasmg the need for 
tissue respiration wnth a series of barriers to the assimilation of essential dietary 
factors 


xrv ROENTGEN THERAPY 

The first specific report of pellagra follow mg radiotherapy was that of Eattner 
(282) m 1935 His patient had heavy radiation over the lower abdomen for an 
ovanan carcmoma This was followed by severe Roentgen sickness wnth extreme 
anorexia, nausea and xomitmg Typical pellagra developed It cleared up 
when the gastro-mtestmal tract returned to a normal state and food w as retained 
Davies and McGregor (81) reported pellagra in a 43-} ear-old woman with meno- 
pausal symptoms in whom treatment of menorrhagia wnth radium was followed 
by pellagra Bean, Vilter and Spies (25) demonstrated that radiation over the 
upper abdomen was followed bj a torapoiary fall in the pyndme coenzymes I 
and II m the blood rrcquentlj pigments appeared in the urine similar to those 
excreted by pellagrins (29) The hypothesis was advanced that X-ray therapy 
might regularly depress a number of the oxidation-reduction enzyme systems 
Recently, Dale (78) has reported evidence of in vilro inactivation of other en- 
z}-mes b} radiation Harris (152) reported pellagra developmg in a woman 
given Roentgen therap} for mediastinal Hodgkin’s disease The signs and 
symptoms of pellagra were relieved by liver thorap} Sydenstricker (354) re- 
lated an mtcrcstmg example where pellagra followed radiation, dermatitis 
locahzmg m the exposed skin 

We ha\e observed 5 patients in whom radiotherapy was followed by the de- 
velopment of pellagra In 3 radiation was used because of axcessivc bleedmg 
from the uterus at the menopause Severe nausea and vomiting occurred and 
pellagra complicated the picture In another case X-ray and radium were used 
for carcinoma of the cervix and a severe chronic diarrhea resulted which eventu- 
ated in pellagra A similar case has occurred vnlh earlv pellagrous lesions in 
a woman wath radiothorap} for abdominal carcinomatosis (119) 

Two possible mechanisms must be considered One is a depression of specific 
P} ridinc enr} mo s} stems (25, 125) I he second factor is the disturbed function 
and sometimes structure of the gut reported b} Golden (122), Wallace (3S0) 
and others Diarrhea, vomiting and loss of appetite all favor nutritional dis- 
orders In addition persons receiv ing ndiotherapv ordmnril} h vv e some sev cro 
disease for which it is administered TIio undorl}mg condition mav well jire- 
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dispose to pellagia "with a long peiiod of vitamin depletion before radiation pre- 
cipitates the acute outbreak 

Unpublished work by two of us (24) has revealed that X-ray sickness is readily 
produced by irradiation of the uppei abdomen, m undernourished persons kept 
on a diet pool m B-complex vitamins The same procedure m well fed controls 
did not cause sickness When the poorly fed subjects were saturated with 
thiamme or mcotmic acid for several days prior to a later identical exposure to 
X-ray the syndrome of Roentgen sickness was pi evented or its seventy reduced 
These studies are bemg extended 

XV ANEMIA AND HEMORRHAGE 

For more than a hundred years it has been recognized that anemia and pellagra 
may be found together Strambio (347) seems to have been the first to notice it 
Caldermi (55) emphasized the frequent concurrence of chlorosis and pellagra m 
young Women Labus (179) was impressed by severe hemorrhage leading to 
pellagra even m the age when bloodlettmg, the cloak for therapeutic ignorance, 
was panacea Strambio and Caldermi both saw pellagra flare up after mtem- 
perate venesection In somewhat later studies it was recognized that anemia 
was often a sequel to pellagra or perhaps a symptom of the late stages of the 
condition (158, 163) The use of iron therapy m pellagia speaks for the presence 
of an associated iron deficiency anemia m some cases (35) 

Only m the recent penod has the relationship of deficiency diseases to anemia 
been placed on a sound footmg Indeed, present concepts put some anemias in 
the category of deficiency diseases A review of the usual blood pictuie in pel- 
lagra may be found m the papeis of Huck (163) and Spies and Chmn (339) 
The latter authors found that mild anemia with a tendency to macrocytosis was 
frequent, but any type of anemia might occur 

Concerning anemia as a piecursor of pellagra the data are not clear Acute 
blood loss was mentioned eaily (55, 347) We have seen a few cases where it 
seemed to be a piecipitatmg agent In one the anemia was so severe that the 
erythematous glossitis was not recognized till aftei a tiansfusion had raised the 
hemoglobin level to 25 pei cent of normal Although we have emphasized the 
diagnostic value of the lingual and buccal changes in pellagra (336), theie aie 
several questions still puzzling us The significance of the scalloped tongue 
with indentations from the teeth is not clear It indicates lingual edema but 
ceitamU niaj" be seen in peisons with no stigma of deficiencj’- disease and m them 
does not respond to proti acted vitamin therapy A study of the papillae with a 
hand lens which magnifies 20 tunes is more satisfactoiy than the slit lamp foi at 
highei magnifications the field is too elusive and any attempt to steady the 
tongue produces artefacts vhich aie very confusing The smooth fieiy led 
tongue of acute pellagra has its papillae mtact but the}^ are obliterated by the 
edema so that the surface indeed is veiy slick In chionic pellagia, true atrophy 
occurs The i cdness maj’’ indicate a dilatation of the small ai tei les and ai teriolcs 
(as in the er 3 ^thematous skin) oi it may lesult fiom a change m lefraction m the 
swollen supeificial epithelium The rapidity of the letuin to normal suggests 
that the change is primarily vascular 
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The Egyptian workers have emphasized the association of schistosomiasis 
and its attendant anemia as a cause of pellagra Biggam and Ghalioungui (35) 
recommended iron therapy m such cases Ellmger, Hassan and Taha (93) have 
made confirmatory observations 

Similanties betiieen pellagra and pernicious anemia have been noted for a 
long time Spies (339) shoii ed that mtnnsic factor failure was not usual m pella- 
gra Never studies on vitamin B complex factors have demonstrated tliat noneof 
the fractions now known is the long sought evtrmsic factor, which invalidates the 
early suggestion of Castle that this material might be vitamin B-, though un- 
doubtedly it IS closely associated ivith it m natural sources 
Mollov (231), Haden (141) and Hams (152) have seen permcious anemia 
and pellagra in the same patient MTiile it is possible that the pellagra developed 

as a sequel, it seems more probable that they were comcidental Recent studies 
by Moore, Vilter and Spies (232) have demonstrated that certain pellagrins 
vith free HCl and intnnsic faotoi in the gastric juice, who have subsisted for 
long penods upon a diet very low or completely wanting in the 0x41111810 factor, 
develop a macrocytic anemia identical moiphologically with Addisonian per- 
nicious aneima We have seen patients with pernicious anemia who develop 
pcllagia, perhaps more from changes in alimentary funetion (atrophy, achylia) 
than lack of mcotimo acid in the diet 

We conclude that pellagra may occur m pernicious anemia, and that any severe 
anemia is apt to mcrease the seventy of pellagra Acute hemorrhage may even 
precipitate it We do not know whether this influence is exerted because the 
blood cannot carry or store enough respiratory coenzymes oi whethei the non- 
specific depressmg mfluence is a sufficient handicap 
Sydenstricker (350) has observed pellagra m a patient with sicklemia 

XVI DRUGS AND CHEVllCALS 

Pellagra has been mentioned only rarely ns a sequel to flic ill-adviscd or ac- 
cidental use of vanous chemical compounds Thomas (3C0) mentions trional 
(sulphonethyl-methano) in this connection hluraj'ama (240) has seen pellagra 
following the injection of trj'paflavin (ncridin dye) Barondes (19, 20) has 
reiterated his belief that pellagra is a manifestation of selenium poisonmg Min- 
eral jiGisoning was suggested yearn ago by Allesandnni and Scala (3) who im- 
plicated colloidal silica but this idea has never been substantiated Scott and 
Agorter (312) suggested arsenic poisoning ns the cause of pellagra m their patient 
but a former gastroenterostomy and alcohol addiction ajiparenlly' were more 
important Consideiing the tons of arsenic previously used in treating pellagra. 
It IS improbable that it has a specific pellagra-producing effect Clark (C3, 344) 
believes that cyanogcnic substances m food arc responsible for many of the 
clmical manifestations which occur in deficiencies of the B complex vitamins 
Wien the supply of vitamins is rich it is claimed that no ill effects result This 
problem has not been inv astigated by other workers If chemicals hav e a specific 
effect it may be as inhibitors of specific enzyme sy stems Tlic harmful effects of 
concentrated alkalis, digitalis and narcotics arc discussed elsewhere In view 
of the enthusiastic and ardently defended u^e of almost every known drug and 
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dispose to pellagia "ttith a long period of vitamm depletion before radiation pre- 
cipitates the acute outbieak 

Unpublished work by two of us (24) has revealed that X-ray sickness is readily 
produced by irradiation of the uppei abdomen m undernourished persons kept 
on a diet poor m B-complex vitamins The same procedure m well fed controls 
did not cause sickness "^^Tien the poorly fed subjects were saturated with 
thiamme or nicotmic acid for seveial days prior to a later identical exposure to 
X-ray the sjmdrome of Roentgen sickness was pi evented or its seventy reduced 
These studies are bemg extended 

XV ANEMIA AND HEMORRHAGE 

Foi more than a bundled 5 '-ears it has been recognized that anemia and pellagra 
may be found togethei Strambio (347) seems to have been the first to notice it 
Caldeiini (55) emphasized the frequent concurrence of chloiosis and pellagia in 
^mung women Labus (179) was impressed by severe hemorrhage leadmg to 
pellagra even m the age when bloodlettmg, the cloak for therapeutic ignorance, 
was panacea Strambio and Calderim both saw pellagra flare up aftei intem- 
perate venesection In somewhat later studies it was recogmzed that anemia 
was often a sequel to pellagra or perhaps a symptom of the late stages of the 
condition (158, 163) The use of iron therapy m pellagra speaks for the presence 
of an associated iron deficiency anemia m some cases (35) 

Only m the recent period has the relationship of deficiency diseases to anemia 
been placed on a sound footmg Indeed, piesent concepts put some anemias m 
the category of deficiency diseases A review of the usual blood pictuie m pel- 
lagra may be found m the papeis of Huck (163) and Spies and Chmn (339) 
The lattei authors found that mild anemia vuth a tendency to macrocytosis was 
frequent, but any tjqie of anerma might occur 

Concernmg anemia as a precursor of pellagra the data aie not clear Acute 
blood loss was mentioned eaily (56, 347) We have seen a few cases where it 
seemed to be a precipitating agent In one the anemia was so severe that the 
eiythematous glossitis ivas not lecognized till aftei a tiansfusion had raised the 
hemoglobm level to 25 pei cent of normal Although we have emphasized the 
diagnostic value of the lingual and buccal changes in pellagra (336), there aie 
several questions still puzzling us The significance of the scalloped tongue 
vith mdentations from the teeth is not clear It indicates Imgual edema but 
ceitamly may be seen m peisons inth no stigma of deficiency disease and in them 
does not lespond to proti acted lutamm therapy A study of the papillae vath a 
hand lens which magnifies 20 times is more satisfactoiy than the slit lamp foi at 
highei magnifications the field is too elusive and any attempt to steady the 
tongue pioduces artefacts vhich aie very confusmg The smooth fieiy led 
tongue of acute pellagra has its papillae mtact but they are obliterated by the 
edema so that the sui face mdeed is I'ery' slick In chi onic pellagi a, true ati ophy 
occurs The redness may indicate a dilatation of the small arteries and arterioles 
(as m the er 3 'thematous skin) oi it may result fiom a change m refraction m the 
swollen supeificial epithelium The rapidity of the return to normal suggests 
that the change is primarily vascular 
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The Egyptian -norkers haie emphasized the association of schistosomiasis 
and Its attendant anemia as a cause of pellagra Biggam and Ghalioungui (35) 
recommended iron therapy m such ca':es Ellmger, Hassan and Taha (93) ha\ o 
made confirmatory obsenations 

Sraulantics between pellagra and pernicious anemia have been noted for a 
long tune Spies (339) shov ed that intrinsic factor failure was not usual m pella- 
gra Newer studies onntamm B-complevfactors ha\ e demonstrated that noneof 
the fractions now known is the long sought extrinsic factor, which m\ ahdates the 
early suggestion of Castle that this material might be ntamm B», though un- 
doubtedly it IS closely associated with it m natural sources 
^follow (231), Haden (141) and Hams (152) have seen pernicious anemia 
and pellagra m the same patient While it is possible that the pellagra de\ eloped 
as a sequel, it seems more probable that they i\ ere comcidental Recent studies 
by Moore, Vilter and Spies (232) liave demonstrated that certam peUagrms 
mth free HCl and mtnnsic factor in the gastric juice, who have subsisted for 
long penods upon a diet a ery low or completely wantmg m tlie extrinsic factor, 
deielop a macrocytic anemia identical morphologically mth Addisonian per- 
nicious anemia We have seen patients mtli pernicious anemia who develop 
pellagra, perhaps more from changes m alimentary' function (atrophy, achylia) 
than lack of nicotimc acid in the diet 

We conclude that pellagra may occur m pernicious anemia, and that any' severe 
anemia is apt to mcrease the sev enty' of pellagra Acute hemorrhage may even 
precipitate it We do not know whether this mfluence is exerted because tlie 
blood cannot carry or store enough respiratory coenzymes or whether the non- 
specific depressmg influence is a suflScient handicap 
Sy denstneker (350) has observed pellagra in a patient with sicklemia 

XVI DRUGS AND CHEVnavlB 

Pellagra has been mentioned only rarely as a sequel to the ill-advised or ac- 
cidental use of v'anous chemical compounds Thomas (360) mentions tnonal 
(sulphonethy’l-methane) in this connection hluray'ama (240) has seen pellagra 
following the injection of tn-paflarm (acndin dye) Barondes (19, 20) has 
reiterated his belief that pellagra is a manifestation of selenium poisonmg jMm- 
cra! poisonmg was suggested years ago by Allesandnm and Scala (3) who im- 
plicated colloidal sihea but this idea has never been substantiated Scott and 
Agerter (31 2) suggested arsenic poisomng as the cause of pellagra in their patient 
but a former gastroenterostomy and alcohol addiction apparently were more 
important Considering tlie tons of arsenic prevaously used m treatmg pellagra, 
it IS improbable that it has a specific pellagra producing effect Clark (63, 344) 
believes that cyanogenic substances m food are responsible for many' of the 
climcal manifestations which occur in deficiencies of the B-coraplex yitamms 
Wien the supply of yatamins is rich it m claimed that no ill effects result This 
problem has not been my estigated by other workers If chemicals hay e a specific 
effect it may bo as inliibitors of specific enzyme systems Tlie harmful effects of 
concentrated alkalis, digitalis and narcotics arc discussed elsewhere In view 
o the enthusiastic and ardently defended u«c of almost cvciy knowTi drug and 
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dispose to pellagia ■with a long period of •v^itamin depletion before radiation pre- 
cipitates the acute outbreak 

Unpublished ■U''ork by two of us (24) has revealed that X-ray sickness is readily 
produced by irradiation of the uppei abdomen m undernourished persons kept 
on a diet pool m B-complex vitamins The same procedure m ■well fed contiols 
did not cause sickness "VATien the poorly fed subjects ■were saturated with 
thiamme or mcotmic acid for several days prior to a later identical exposure to 
X-ray the S 3 mdrome of Roentgen sickness was prevented or its seventy reduced 
These studies are bemg extended 

XV ANEMIA AND HEMOKRHAGE 

Foi more than a hundred j^ears it has been recognized that anemia and pellagra 
may be found togethei Strambio (347) seems to have been the first to notice it 
Caldermi (55) emphasized the frequent concurrence of chloiosis and pellagra in 
young Women Labus (179) was unpiessed by severe hemorrhage ieading to 
pellagra even m the age Avhen bloodlettmg, the cloak foi therapeutic ignorance, 
was panacea Strambio and Caldermi both saw pellagra flare up after intem- 
perate venesection In somewhat later studies it was recognized that anemia 
was often a sequel to pellagra or perhaps a symptom of the late stages of the 
condition (158, 163) The use of non therapy in pellagra speaks for the presence 
of an associated iron deficiency anemia m some cases (35) 

Only m the recent penod has the relationship of deficiency diseases to anemia 
been placed on a sound footmg Indeed, present concepts put some anemias m 
the category of deficiency diseases A le'suew of the usual blood pictuie in pel- 
lagra may be found m the papers of Huck (163) and Spies and Chmn (339) 
The latter authors found that mild anenua ■\Mth a tendency to macrocytosis was 
fiequent, but any type of anemia imght occur 

Concemmg anemia as a piecursoi of pellagra the data aie not clear Acute 
blood loss was mentioned eaily (55, 347) We have seen a few cases where it 
seemed to be a precipitatmg agent In one the anemia was so severe that the 
erythematous glossitis was not lecognized till after a transfusion had laised the 
hemoglobm level to 25 per cent of normal Although we have emphasized the 
diagnostic value of the Imgual and buccal changes m pellagra (336), there aie 
seveial questions still puzzhng us The significance of the scalloped tongue 
with indentations from the teeth is not clear It indicates Imgual edema but 
ceitamlj’- maj’^ be seen in persons ■\\ath no stigma of deficienc}’' disease and m them 
does not respond to pi oti acted vitamm therapj-- A study of the papillae iwth a 
hand lens which magnifies 20 times is more satisfactory than the sht lamp foi at 
highei magnifications the field is too elusne and anj’- attempt to steady the 
tongue produces aitefacts vhich aie very confusmg The smooth fiery red 
tongue of acute pellagra has its papillae mtact but they are obliterated by the 
edema so that the suiface indeed is veiy slick In chronic pellagia, true atiophy 
occurs The i edness ma}’’ mdicate a dilatation of the small arteries and arterioles 
(as m the erythematous skin) or it may lesult fiom a change m refraction in the 
swollen superficial epithelium The rapidity of the retui-n to normal suggests 
that the change is primarily vasculai 
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The Egyptian Roikcrs have emphasized the association of schistosomiasis 
and its attendant anemia as a cause of pellagia Biggam and Ghahoungui (35) 
recommended iron therapy m sucli cases Ellmgor, Hassan and Taha (93) have 
made confirmatory observations 

Similarities between pellagra and pernicious anemia have boon noted foi a 
long tune Spies (339) show ed that intnnsic factor failure was not usual m pella- 
gra Newer studies onvitamm B-comple\ factors have demonstrated that noncof 
the fractions now knoivn is the long sought extrinsic factor, which invalidates the 
early suggestion of Castle that this material might be vitamin Bj, though un- 
doubtedly it 18 closely associated with it in natural sources 
Mollow (231), Haden (141) and Hams (162) have seen pernicious anemia 
and pellagra in the same patient WliUe it is possible that the pellagra developed 

as a sequel, it seems more probable that they were comcidental Recent studies 
by Moore, Viltcr and Spies (232) have demonstrated that certain pellagnns 
ivith free HCl and intrinsic factoi m the gastric juicc, who have subsisted for 
long periods upon a diet very low or completely wanting in the evtrmsic factor, 
develop a macrocytic anemia identical morphologically inth Addisonian per- 
nicious anemia Wo have scon patients with pernicious anemia who develop 
pellagra, perhaps more from changes m alimentary function (atrophy, acliylia) 
than lack of nicotinic acid m the diet 

We conclude that pellagia may occtii in pernicious anemia, and that any severe 
anemia is apt to increase the seventy of pellagra Acute hemorrhage may oven 
precipitate it We do not know whether this influence is exerted because the 
blood cannot carry or store enough respiratory coonzymes or whether the non- 
specific depressmg influence is a sufficient handicap 
Sydenstiicker (350) has observed pellagra in a patient with sicklemia 

X.VI DRUGS AND CHEMICALS 

Pellagra has been mentioned only raicly ns a sequel to the ill-advLsed or ac- 
cidental use of various chemical compounds Thomas (3G0) mentions tnonal 
(sulplioncthyl-methano) in this connection Muraynma (210) has seen pellagra 
following the injection of trypaflavin (acridm dye) Barondcs (19, 20) has 
roitcialod liis belief that pellagra is a manifestation of selenium poisoning Min- 
einl poisoning was suggested jears ago by Allcsnndnni and Scala (3) who im- 
plicated colloidal silica but this idea has never been substantiated Scott and 
Agcitor (312) suggested arsenic poisoning ns the cause of pellagra in their patient 
hut a former gastroontcrostomj and alcohol addiction appaicntly were more 
important Considering the tons of arsenic previously used in treating pellagra, 
it IS improbable that it has a specific pellagra-producing effect Clark (G3, 341) 
behoves that cyanogeme substances in food are responsible for many of the 
clinical manifestations which occur in deficiencies of the B complex vitamins 
When the supply of vitamins is rich it is clauned that no ill effects result 'Hus 
problem has not been inv cstigatcd by other w orkors If chemicals have a specific 
effect it may be ns inhibitors of specific enzyme systems Tlie harmful effects of 
concentrated alkalis, digitalis and narcotics aro discussed elsewhere In view 
of the enthusi istio and ardently defended use of almost cv erv' known dnig and 
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concoction as a specific m the treatment of pellagra in the past it is improbable 
that the misuse of drugs is a frequent precipitatmg agent 

Reports of an antagonistic action of mcotinic acid and certam sulfa drugs in 
man and animals led us to mvestigate this question (24) Coenzyme determina- 
tions weie carried out usmg the techmque of Yilter, Vilter and Spies (376, 377) 
Five patients with pneumonia and seven mth pyelitis of pregnancy treated ivith 
sulfapyridme were studied before, during and after s 3 Tnptoms of toxicity oc- 
curred They were all given nicotuuc acid or its amide m doses of 100 mg three 
times daily In only one was there any improvement of manifestations of toxic- 
ity foUovnng mcotimc acid treatment This was a pregnant woman who had 
nausea and vomitmg before she developed pyelitis, and whose diet was never 
very good Her blood cozymase level was low She might have been benefited 
by nicotmic acid regardless of the sulfapyridme reaction There were some 
patients who got worse after mcotimc acid The failure to find any therapeutic 
virtue in nicotmic acid under these conditions was so clear-cut that we dis- 
contmued the study 

Approachmg the question from another angle 11 ambulatory pellagrins were 
given suKathiazole for periods of 8 w^eeks The lesions contmued their usual 
course, all but one clearmg up There was no mdication of a tendency to pre- 
cocious relapse, and no failure to respond to specific anti-pellagra therapy (24) 

Fmally pyndme-3-sulfomc acid, which is related to nicotmic acid m the same 
ivay as sulfanilamide is to para-ammo-benzoic acid, was given for a two-week 
period to three persons with subclmical pellagra on a vitamm B “free” diet 
It was thought that it might antagomze some function of mcotomic acid and 
thus accelerate the development of pellagra No such result was obtained 
Further studies wnth larger doses (more than 100 mg dail 3 ’’ mtravenously) and 
for longer periods are needed before draivmg conclusions (24) 

1 Tobacco Though it has been hmted that tobacco might supply nicotmic 
acid and thus tend to prevent pellagra, there is no evidence that tobacco is of 
anj'- value in this direction A large proportion of pellagrms m the Nutrition 
Clmic m Alabama use tobacco m some form — snuff, chewmg tobacco, cigarettes, 
pipes or cigars They are neither more nor less liable to pellagra than their 
fellows who do not use tobacco It is recognized by many that smokmg reduces 
appetite and this interferes with nutrition m varying degrees Gillespie (118) 
has reported pellagra developing m a man who smoked excessively It is im- 
possible to be certain that excessive smokmg was not a manifestation of the 
nervousness of subclmical pellagra lather than its cause 

2 Narcotics An early reference to morphme and narcotic addiction mfluenc- 
mg the development of pellagra was made by Siler, Gamson and MacNeal 
(321, 323) Roberts (291) reported pellagra m morphme addicts and Gutline 
(139) noted habituation to morphine, paregonc and bromides Hashish addic- 
tion w^as mentioned by Safidivith (304, 305) and Mane (221) Much caution is 
ad\TSable in interpretmg the relationship of pellagra and drug addiction We 
have seen a few nctims tortured by the progressive complaints of nascent pel- 
lagra, w'ho resorted to morphme This iras followed by the outbreak of clinical 



SBCON0ABT PELIiAOHA 


59 


pellagra In such instances the morphine addiction was a reaction to or symp- 
tom of mcipient pellagra though perhaps also the agent precipitating the disease 
m recognizable form The appetite and other gastro-mtestmal functions may 
be severely disturbed Habituation to morphme m an adequately nourished 
person might reduce his intake of food and thus be an mdirect cause of pellagra 
It is possible that some narcotics may have a specific action m producmg 
pellagra It is known that “dehjdrogenases are mhibited by narcotics" (93) 
Perhaps some interference with cellular metabolism occurs folloivmg large doses 
of morphme though this has not been studied m man Certamly one might 
beheve the reduced metabolism m morphmism would reduce the likelihood of 
pellagra 

We have obseri ed pellagra m two morphme addicts and once m a paraldehyde 
addict Mild cases of glossitis have been seen comphcating bromide mtoxication 

XVII MlSCEniANEOUS 

1 Smlf ln(e Among the bizarre precipitatmg agents m pellagra, the men- 
tion of snake bite must be made In natives of the Sudan Corkhill (68, 69) 
reported tn o instances of pellagra follow mg a bite by a venomous snake With- 
out knowledge of the effect of snake venom on tissue respiration the nature of 
this phenomenon cannot be stated It is possible that some specific mhibition 
of enzyme systems was responsible The fever, anorexia and other systemic 
disturbances may have been more important Of mterest is the demonstration 
by Cham (60) that coenzyme I is mactivated by a nucleotidase from the \ enom 
of the black tiger snake 

2 Jfosguito hite Hams (150) has mentioned this as a rare forerunner of 
pellagra and Plunkett (272) has also noted it m a patient with an infected mos- 
quito bite That it was more than circumstantial seems incredible 

3 Trauma There are occasional remarks in the publications of European stu- 
dents on the deielopment of pellagra following trauma (150, 302) Barthelemy 
and Onfrey (21) observed a case followmg fracture of the leg In persons we 
have seen where pellagra was first manifest or relapsed after injuiy , the fever, 
failure to eat, injections of quantities of parenteral dextrose, and hemorrhage 
seemed more important 

4 Asthma The occurrence of pellagra ns a sequel of bronchial asthma has 
been reported by Kooser and Blankenhom (178) and Sydehstneker (351) We 
have scon cases where the vomitmg, anorexia, labored breathing and inabilitj' 
to sleep contributed to sev ere pellagra 

5 Cardtazol thcrayy de Langen (182) has mentioned this as a possible pre- 
disposing cause of pellagra in one instance We have never seen pellagra after 
insulin, metrazol or cardiazol therapy 

6 Sunstrolc Bickel (34) has recorded an instance of pellagra m an alcoholic 
wh^ro the diagnostic lesions appeared following sunstroke 

( Allergy Salama (290) has studied the relationship of pellagra to allergy 
hut his condusions scmcelj support the idea of secondary pellagra except m the 
sense tliat some allergj diets used were poor m pcllagra-prevcntiv o factors 
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8 Therapy mth tlnarmne It has been reported that therapy with thiamine 
has been followed by an outbreak of pellagia (42, 236) In these cases, it is 
plausible that nicotinic acid deficiency would have become manifest regardless 
of other %utamm treatment It is possible that the use of one fraction of the 
vitamm B-complex puts a stram on the metabolism controlled by other factors 
and thus might brmg out a latent deficiency This remams to be demonstrated 
m man 


TABLE VIII 
Miscellaneous 


DISEASE OR CONDITION 

CASES IN WHICH 
THE CONDITION WAS 
THE PRINCIPAE 
CAUSE 

CASES IN 
WHICH IT 
WAS AN 
ACCESSORY 
CONTRIB- 

WHITE 

COLORED 

AVER- 

AGE 

AGE 


Total 

Ohio 

Ala- 

bama 

UTINO 

EACTOR 

Fe- 

male 

Male 

Fe- 

male 

Male 

Cirrhosis of the liver 

17 

15 

2 

3 


B 

3 

2 

49 

Hemorrhage 

8 

4 

4 

8 


B 

4 

— 

39 

Addison’s disease 

4 

2 

2 

— 


B 

B 

1 

49 

Diabetes 

3 

3 

— 

4 


B 

H 

B 

49 

Hyperthyroidism 

3 

1 

2 

3 


B 


B 

36 

Myxedema 

1 

— 


2 


B 

B 

E9 

50 

Carcinoma 

Lung 1 

Bladder 1 

Pancreas 1 

■ 7 

4 


3 

3 

3 

1 


51 

Cervix 3 

Liver 1 

Bronchial asthma 

} 

6 


6 

2 

1 

4 

B 

1 

55 

Syphilis 

Aneurysm 2 

■ 

3 

1 

12 


2 

H 

1 

57 

Tabo-paresis 2 

Migraine 

Hi 


2 

m 

2 

B 

B 


31 

Hodgkin’s disease 

1 

■■ 

B 


B 

B 


1 

36 

Morphine addiction 

2 

2 

B 


B 

B 


— 

36 

Paraldehyde addiction 

mm 

H 

B 


B 

1 

^9 

— 

34 

Rapid growth 

B 

H 

H 

4 

B 

H 

B 

— 

15 

Totals 

r 

60 

35 

24 

43 

21 

21 

11 

7 



9 Acrodtjma Stephen (345) has suggested that the pmk disease may be com- 
plicated by a secondary pellagra 

10 Leucetma We have found no record of pellagra secondary to leucemia 
Our interest m such a possibilitj'- vas stimulated b 3 '' the findmg m leucemia of 
instances of very low values for the blood codehj’-drogenases I and II by Viltei , 
Vilter and Spies (377) When one of the patients m this study later developed 
pellagia it added some evidence for the coirectness of the speculations enter- 
tained concerning the relationship of these p^nidme coenzymes to pellagra 
The follomng case is mcluded foi its inteiest rather than as evidence of the 
validity of our ideas concemmg the pathogenesis of pellagra 
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Case report G H (W 9G018), a 43-jear-oId housoiMfe was admitted to tlio Cincinnati 
General Hospital December 27, 1939, for treatment of myelogenous Icucemia She had 
noted an enlarged spleen a year before and the diagnosis of leiiecmia u as made six months 
later ashen she was first studied on tho medical service It as as then found that her blood 
codcU> drogennscs is ere very loss , ranging from of that found in normal controls She 

had been given Roentgen therapy after a faifure to reduce the leucocytes anth colchicine 
Tho cells declined from 195,000 to 30,000 per cubic millimeter Radiotherapy over the 
spleen produced considerable local discomfort, nausea and vomiting An attempt as as made 
to restore the blood codehj drogenascs to normal by means of heroic doses of yeast and 
nicotinic acid svith no significant increase She was discharged after six as eeks and followed 
in tho out-patient chnic with occasional treatment of the enlarged spleen with X-rays 
Before her last entry she had much trouble svith vomiting and anoroxia On the last ad- 
mission physical findings of note were a spleen reaching down into the pelvis, liver firm and 
cosily felt three fingers' breadth below tho rib margin Petechial and purpuric areas de- 
veloped in the elan There was extensive vaginal blooding Blood study revealed 3 2 
million erythrocytes and 82,500 leucocytes per cubic millimeter and 11 4 grams of hemo- 
globin per 100 cc On the 9th hospital dav she w as found to have a red tongue and the early 
skin changes eharaeteristic of pcllagr i She w as given large doses of various anti-pollagra 
compounds and many transfusions but died on tho 16th day There was little improve- 
ment in her pellagra 

Dtscusmn The problems presented by this patient aie very' mteresting fj oin 
the point of view of pathogenesis of pellagra Her nutritional state was un- 
dermmed by her chronic disease and particularly upset by the anorev i, nausea 
and vomiting Another possible contnbutory element was the senes of X-ray 
treatments which may have acted m a specific fashion though pellagra was not 
encountered in any of the othei patients with leucemia whose blood codehydro- 
genases were so low (377) Finally the increased metabolism (BMR 20) 
and the lossof blood undoubtedly added then burden This case illustrates once 
more the difficulty of assigmng a single specific cause to a given case of secondary 
pellagra where many different deletenous influences operate 

xvm THE INFLUENCE OP HEREDITy IN PELLAGRA 

Although for two hundred ycais heredity has been considered a strong pre- 
disposing influence m pellagra there has neaei been n successful demonstration of 
this belief Afunccy (239) and Davenport (79) after extensive studies concluded 
heredity was a factor in determining the type of symptom complex which oc- 
curred but it w as not inlieritcd m the same w ay as ej’c color H F Harris (150) 
and other axponents of the maize theory bni e had to rely on hereditary influences 
to explam pellagra w here no corn had been eaten by the v ictim This led Harris 
to tho rcdiicho ad absurdwn that all cases of pellagra wore mhented, symptoms 
appearing only when the patient plus his ancestors had eaten enough com 
Telhgra occurs in families Cluldrcn bom of pellagious mothers are apt to have 
pellagra Large families are more liable to have sovcril pellagrins than small 
ones m the same economic circumstances The chemical phase of nicotinic acid 
deficiency may occur m utcro, pavmg tho way for pellagra in the infant Wo 
have seen pellagra in an mfant 3 weeks old who was 2 months promnturo In 
tins manner pellagra may be congenital but not inherited Pollagra m the father 
docs not have this tendency Wc have not seen adequately fed children of 
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pellagrous parents develop pellagra It is mteiestmg that the onset of peUagra 
has not been reported in artificially fed infants but usually occurs only if the 
mother has been deficient m providmg for the child in uteio and durmg lactation 
An analogous situation is tiue m iiboflavin deficiency (337) and has been knoi\Ti 
in benberi for a long time (372) 

Even though almost all arguments favormg a potent hereditaiy predisposition 
in pellagra can be explamed on the accumulated information available on dietaiy 
factors, a role for inherited hability to the disease has by no means been ruled 
out of court Cowgill (71), Brown (48) and Light and Cracas (191) have shoivn 
that even carefully chosen experimental animals have wide mdmdual variations 
m susceptibihty to different dietary deficiencies Litter mates vary and extreme 
differences occur m different strains MacCarthy (199), Mainzer (212) and 
Otonello (257) have repoited some mteresting examples favoring hereditary 
predisposition m human beings 

A study of secondary peUagra throws light on the occurrence of this condition 
in several generations We have found that a positive family history (parent, 
grandparent or sibling) was obtamed from 81% of all pellagrms m the endemic 
area ® This is m sharp contrast to the 1 3% in the Ohio group ivith secondary 
pellagra It is possible that this reflects a true hereditary hypersusceptibility 
to pellagra in the endemic region More probably it indicates merely an identity 
of environment, food habits, and economic level — a situation mto which the 
pellagrms are thrust, rather than a handicap brought along with the germ plasm 

It has been remarked that the dissimilar mcidence of whites and negroes m an 
otherwise homogeneous group of pellagrms is strong mdication of a racial pre- 
disposition m the whites and relative immunity in the coloied (79, 200, 239) 
In the Birmmgham group negroes constituted only 9% of all patients * This has 
been reported before m the southern states (351) Almost all had secondary 
pellagra In the Ohio group negroes were between two and three times as 
numerous as one would expect on the basis of their ratio m general population or 
hospital admissions In othei woids pellagra as we have encountered it m the 
negro seems to occur chiefly as a sequel to organic disease We believe food 
habits and perhaps energy conseivation aie much moie important reasons for the 
rarity of endemic pellagra among negroes than hypothetical racial exemption 
Final proof is not yet at hand Pellagi a is rare among Hebi ews m our experience, 
but cases do occur 


XIX CONCLUSION 

The general background of secondary pellagra has been considered m detail 
and a comparison has been made between the natural history of disease com- 
plicated bj’’ pellagra m the endemic area m Alabama and m two Ohio hospitals 
^^fliile the two groups aie not homogeneous samples of the populations in their 

’ Tlub IS artiGciallj increased because we attempt to study the entire family of anv 
pellagrin "nho \nsits the Birmingham Nutrition Clime and in some instances as many as 10 
in a single famil}' have been found to have pellagra at the same time 

* Negroes constitute slightlj more than a third of the total population of Alabama 
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respective uress End our dutE do not wErrflut stutisticEl EHElysis, certEin coU” 
trasting patterns of disease lefiect strong local influences (27) The pattern of 
infections reveals the damagmg influence of pulmonary disease m Ohio and of 
malana m Alabama Pregnancj and lactation seem to be very influential in 
determining the eruption of pellagra m regions of endemic malnutrition Alore 
than any othei factor, cluldbcarmg and its inherent complications predispose 
the susceptible segment of the population to pellagra where diet is near the bor- 
derlmc of madequacy The rfile of surgical operations has been considered at 
length, and the many nays in nhich operations and untoward sequels thereto 
may dispose to oi even piecipitate pellagra have been discussed In this study 
IV 0 have tned to show that disease and accident of multiplcA variety aie con- 
ditionmg mfluences of extieme importance m nutntion It is only natuial 
that this miscellany of illness and misfortune be a more perilous burden in persons 
whose nutntion has been such that no margin of safety exists to meet a crisis 
For that reason pellagra often resulted when tnvial sickness occuned in the 
ill-nounshed folk studied m Alabama whereas in the Ohio municipal hospitals 
pellagra followed more severe and disablmg disease In the endemic territoiy 
pellagra may be chronic, recurnng with the seasons, worse when other disease is 
present, sometimes escaped during penods when the general health is good In 
Ohio, pellagra frequently dommates the terminal stage in cancer, cirrhosis or 
heart failure 

Secondary pellagra thus reflects the mosaic of the prevalent diseases upon 
which it IS engrafted Among peptic ulcer victims or tliose siiffcnng from cancel 
of the stomach more males than females are affected In pellagra following 
measles children naturally predominate This is in notable contrast to the 
disease as it appears where the chief and sometimes only cause is dietary In 
endemic pellagra older children and the young men are less frequently affected 
while the bulk of pellagnns is found among the women fiom 20 to 40 years old, 
the younger children and the older men 

It is our belief that the many diseases which may form the background foi 
pellagra operate m a simple mannei m w oikmg this mischief A great deal more 
effort must be forthcommg to bring evidence which wall establish or clearly dis- 
prove current notions concerning the pathogenesis For that reason we have 
emphasized tlie facts collected, the diseases and classes of disorders which pellagra 
may complicate, rather than the hypothesis which we have used to mtegrate the 
picture But any study which is not diiectcd by haphazard empiricism must 
have some underlying idea We have, therefore, assumed about pellagra much 
that we do not know for a certamty Oui mterpretations are congruent wath 
OUT observations This conception of pellagra may be stated in brief 

Tcllagra appears to be the result of an madequate supply to the human body 
of certam preformed constituents of food which must be available in small but 
definite quantities The need for these materials (nicotinic acid amide, phos- 
phorous, protcui and perhaps other things) is proportional to the metabolic 
requirements for a giv en period While storage and other mechanisms of homeo- 
stasis allow some margm of safety a rcwonably constant intake of these sub- 



G4 'W B bean, T D spies and M a BIiANKENHORN 

stances is essential for health The most frequent cause of an upset in this 
nutritional balance is a failure of the supply This blockade may result from a 
poor diet or from any functional or mechanical obstacle to mgress any^vhere 
along the alimentary canal Similarly an mcreased loss by vomiting, diarrhea, 
fistulae or by diuiesis or even sweatmg may carry off enough of the required 
essences to result m dangerous deficiencies From the other side an elevated 
demand may lesult in a discrepancy between need and the satisfying of it which 
leads to results ]ust as disastrous Fevers, neoplasms, parasites and cluld- 
bearmg may thus ovei throw the balance by enliancmg requirements in the face 
of a constant supply Often many influences are at work m a smgle case It is 
quite apparent that deficiencies must exist m a humoral stage first Then func- 
tional disturbances occur when the biochemical lesion mterferes with cellulai 
function though leavmg no tell-tale sign for the clmician Fmally these changes 
become translated mto morphological lesions which we recognize as the hallmark 
of a deficiency disease or syndrome This pomts the lesson that what we see and 
recognize as pellagra, the visible part of the iceberg, presages a widespread sub- 
surface danger, that malnutrition of a serious nature is more prevalent than this 
suive}'- of secondary pellagra indicates 
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ACRIDINE ANTISEPTICS 
A Review 
GUSTAV J MARTIN 

Warner Institute for Therapeutic Research, US West ISth Street, New York City 

The sulfonamides representing the nearest approach to the ideal m synthetic 
chemotherapeutic agents are often found to be meffective Penicillin and other 
antibiotics offer but a limited solution to the problem due to supply and cost of 
production The development of bacteria which are resistant to the action of 
both types of agent suggest the need for an e'^panded armamentarium in the 
fight agamst disease Acridines and diamidmcs have recentlj'' been employed 
by British Medical Umts operating on the African front The report of Mit- 
chell and Buttle (69) has been primarily responsible for a revival of interest m 
the acndine compounds 

In the course of preparation of this review, it became apparent that the htera- 
ture of the penod preceding the j ear 1932 need not be covered in detail for two 
reasons First, there ore two comprehensive reviews of this hterature (89, 14) 
Second, much of the work of that penod was complicated by a failure on the part 
of the investigators to realize that they were deahng with impure compounds 
This was particularly true of the studies of ocnflavine, since with this compound 
It seems reasonably certain that no two batches were the same It is desired 
here to review only as much of the older hterature ns is necessary to an under- 
standmg of the more recent hterature on the subject 

Acridine derivatives and, it is hoped, many other senes of compounds may 
supplement or augment the application of chemotherapy in those cases in which 
bactena are fast to sulfonamides and to anti-biotics It is to be expected that 
fastness or resistance of bactena will become a widespread and commonly 
occumng phenomenon The onlj answer to this challenge lies in expanding 
effort to broaden the scope of chemotherapy 

CHEsnsTm 

Bender in 1889 (14) prepared the first of the acridine compounds, acridine 
jcliow, acndine orange and others Some scars later in 1912, Benda (4) pre- 
pared diammoacridmium methjlchloride, and Ehrhch found it to bo trvpano- 
cidal Dunng the first AVorld War, Browning (1, 3, 55) in England and Shiga 
(00) in Germanj conducted extensive investigations of tlio value of the acri- 
dines as wound disinfectants The following table lists all of the acndine com- 
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pounds found in the hterature They are based upon the acndme unit nhioh 
was numbered 



in the German literature but is considered in this review and in the English 
literature as based on the following position number s 3 'stem 



Thus in the German sjstem, trypaflavine would be 3 6 diaminoacndinium 
methyl ohlonde, while ih the English system used here, it is chemically named 
2 8 dianunoacridinium methjd chlonde 
It was decided to use the English nomenclature system as Albert and his group 
(2, 9, 20, 21, 22, 100, 101) have made outstanding contributions to the chemistry 
and general knowledge of these chemotherapeutic agents using the English 
sjstem throughout their work It is to be emphasized that gicat confusion 
exists because of this variation in the numbermg sjstem Some English books 
on chemotherapy, i e May and Dyson (91) use the German sjstem 
Chemically the aendmes are related to the quinolines The parent substance 
of tins group of compounds is acndme, which is contained in small amounts in 
coal tar It is obtained synthetically by heating diphenylamine with formic 
acid and zinc chlonde Many of tlie derivatives under consideration are ex- 
cellent dyes Acndme orange, for example, is used commercially as the zinc 
chlonde double salt It gives a fluorescent color on cotton and silk wluch is 
fast to waslimg and to hght 

Tlie number of these agents makes it impossible to discuss their preparation 
in anj detail Therefore, two tjpical members are considered proflavine and 
acri flavine The procedure of Benda (-1) was to react amline with formaldc- 
lij de and potassium hj droxide using heat and addition of aniline hj drochlondc 
Diaminodiphenjlmethane was formed and nitrated The nitration product 
was then leduced wath tin and hj drochlonc acid Tlie reduction product w Inch 
contains the tin double salt of tetraaimnodiphenjlmothane was heated in an 
lutoclaio at 175° to form 2 8 diarainoacridmo, or proflavine Proflavine is 
converted to acrillavmo bv acctjdating to protect the ammo groups and then 
methjlitmg wath mollijl sulfate or mcthvl toluencsulfoniito in mtrobenzene 
solution The acetjl groups are then hj'droljzed from the resulting compound 
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by heating -with hydrochlonc acid, and on coolmg the desired hydrochloride 
crystalhzed out in red needles. The reactions are 

NH2 

1 CHz 



CH2 CHj 

A/\ aA AA A/\ 

H2N N N NHa H2N N N NH2 

O2O2 H2H2 



The method of Albert, et al (9) for the synthesis of 5-aminoacridme illus- 
trates another synthetic procedure adaptable with modification to the produc- 
tion of many acndines 

NH2 



5-Ammoacndme 



ACRIDINE ANTISEPTICS 


85 


The ease with i\hich acridine mil form azo compounds has led to the synthesis 
of sulfonamido-azo-acridiniura comple\es (92) which might prove of value m 
chemotherapy The general structure of these compounds is illustrated by the 
complex formed between sulfanilamide and acriflavine 

O 



Gailhot (15) stated that acriflavine as desciibed in the British Pliannacopoeia 
was not the hydrochloride of 2 8-diammo-lO methyl acridimum chloride but 
consisted of a mixture of equal parts of this compound with diaminoacndine 
hydroohlonde Proof was based upon the methyl content of the acriflavine 
BP and on solubilities His method of separation w as to add a suspension of 
silver oxide, made fiom 20 grams of silver nitrate, to a solution containing 20 
grams of the crude methj'l chloride in question, dissolved m 1,500 ml of watci 
The insoluble matter was Altered off on a vacuum filter and was mainly the 
diaminoacndine The filtrate contained the methylaciidimuni hydrate which 
on the addition of potassium iodide formed a vmlummous precipitate of acri- 
flavino iodide Gailhot (15) piesents detailed studies of the solubilities of the 
pure compounds and of mixtures of the pure compounds 
Hall and Powell (10) found that the NNR chicctions for the detection of pure 
acriflavine were of little value The test supposedly depended upon the in- 
teraction of diaminoacndine and formaldehyde to form a precipitate Acii- 
flavane does not react 1 hese w orkers point out that the reaction is of no v alue 
since it depends upon the presence of sulfate, and when sulfune is present both 
acriflav'ine and diaminoacndine givm precipitates The formaldeh 3 de nitrite 
test IS regarded by these mv'estigators as having value It depends upon the 
reaction of proflavane with sodium nitrite in the presence of formaldehyde A 
violet color is produced which on further addition of sodium mtntc icsults in the 
formation of a broivmsh nolet precipitate After a few mmutas, the solution 
becomes colorless This test is of value in distinguishing acriflavine from pio- 
flavane and also in detecting acriflavane in diaminoacndine dihj droohlonde but 
IS of no value in detecting the latter in acriflavine Marshall (17) confirmed 
these observations and stated that from commercial samples of acriflavane only 
about 12% pure acriflav me could be rccov cred He also reports that alkali v orv 
quicklj converts acriflav me into dinminomethvlooridone ,In 1911 Bon-v (18) 
found that acriflavane and proflavine and mixtures of the two m varjing pio- 
portions do not differ in their bactenostatic v alue It is Ins conclusion that mix- 
tures containing about 30% of diaminoacndine are 'hghtiv more soluble than 
each component or othci mixtuics 
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Proflavine, which has become the aciidine of choice, is an orange red, odorless, 
crystalline povdei, dissohnng in water and alcohol to give reddish solutions 
which have a green fluorescence on dilution One part is soluble in approxi- 
mately 300 parts of water It is stated that, “A 0 1% solution has a pH of 2 5 
to 2 7, while a 1 in 1,000 solution can be buffered to pH 6 3 wuthout precipitating 
the base” (19) Profla\ane sulfate may be boiled or heated in an autoclave to 
130 wuthout decomposition The chemical is sensitive to hght 
In a senes of articles (20, 21, 22, 12) a direct correlation between basicity and 
antiseptic action has been clearly demonstrated In the first of the senes, Albert 
et al (21) found a direct correlation between basicity and antiseptic action 
Considermg the monoammoacridmes, they suggested that the inactivity of the 
1-ammoacridine w^as due to h 3 ’-drogen bondmg, w^hereas, with the 2 and the 5- 
monoammoacridme the activity was due to the formation of acndonimmes 
This IS illustrated by the formula 


NH 




N 

I 

H— NH 

l-Aminoaciidme 


NH NH 


2-Aminoacndme 


\ 


NH 


S-Aininoacndine 


In the second paper of the series (20) it was shown that the most active of the 
monoammoacridmes are the most basic and the most hydrophilic, whereas the 
least basic and most hydrophobic members have onl 3 ’' feeble antiseptic action 
It IS in this paper that these workers first recommend 5-ammoacridine because 
of its non-stammg qualities Actually, there are other non-staining members 
of this group These non-staimng aciidines possess certam advantages over the 
others The most prormsmg is 5-armnoacndme (12) Hata (5) described two 
such non-staimng cheimcals, namely, smflavme, 2,8-dimethoxyacndimun) 
methyl chloride and 5-amino-2,8-dimethoxyacndine chloride Both proved 
effective in vitro and m vivo 

In 1942, Albert et al (12) concluded that there were three general classes of 
monoammoacridmes Class 1, with marked antiseptic action associated wath 
lelatively high chemical basicity and the imino groupmg. Class 2, ivith model ate 
antiseptic action, model ate basicit 3 ’- and possessing the normal amino grouping, 
and Class 3 with little or no antiseptic action and possessing an abnormally low 
basicity associated with an ammo group that is masked through hydrogen 
bondmg Pioflawne, and 2 and 5-aminoacridmes are assigned to class 1, 3- 
and 4-aminoaciidines to class 2, and, 1-aminoaciidme to class 3 The inter- 
pietation advanced that the more active drugs one their increased antiseptic 
action to the piesence of the peculiar imino structure is mterestmg viewed m the 
hght of recent woik on the sulfonamides wluch demonstrated that resonance is 
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the deciding factor m potency With the acridines, these forms (the immo 
forms) Mould not be important if they did not lead to resonance betueen the 
ionic forms, e g m the case of 2-aminoacndine 



Bell and Roblm (95) have demonstiated that m the case of the sulfonamide it is 
the acidic dissociation and the negative charactei of the ■ — SO 2 group Minch 
deteimine actinty The more negatiie the — SOj gioup of an Nj substituted 
sulfanilamide derivative, the greater is its bacteiiostatic power With the 
sulfonamides acidity is not the sole dcteimming influence, as m the heterocyclic 
senes the bacteiiostatic activity inci eases to a mavimum and then falls off vvath 
increasing acidity M itli the aendmes it is not basicity alone, as some of the 
more strongl} basic compounds arc not good antiseptics In the sulfonamide 
senes, it is the electronegativitv of the SO- group, and in the acridine senes it 
would seem to be the electropositivity of the iing or amino nitiogen radical 

mocHEMisrm 

Fucluier (23) found that aciidine was partly o-udized to hjdiovjaoiidiiie and 
OAcieted in conjugation with sulfuiic acid and glucuronic acid Irypaflavino 
and proflavine disappear rapidlj from the ciiculation (24) Following intra- 
venous injection of the mtrate, only one-tlurtieth of the injected material could 
be detected after 20 minutes, and with the sulfate even less after 10 minutes 
These acridine derivatives (25) are excreted largely by way of the livei and the 
kidnov in bile and in urine 

The rate of bactcnal adaptation is a factoi affecting the treatment of infec- 
tions Math antiseptics It is biochemical in natuio and will, therefore, be con- 
sidered m this section Buikc et al (2C) found that Staph albus developed 
icsistance to acridines within six to eight hours of exposure The adaptation to 
the dye was temporai-y and disappeaied when the organism was giowii on dye- 
free agar Staph albus could be separated into two strains which differed m 
their ability to tolerate neutral ncnflavine Wliere originally a concentration 
of 1 m 1,000,000 inhibited giovvth, after adaptation the bacteria would grow in 
concenti itions of 1 in 1,500 The work of hfcllwain (27) has disclosed the 
nature of the mechanism of adaptation in those bacteria Using Bacterium coh 
and Strep homolyticus, he found two tvpes of material which were needed for 
growth 111 the piesence of the aendmes hut weio not needed in the normal bac- 
tciia Tv'pe 1 was nucleotides, and type 2 was a concentrate of ammo acids 
foi which plienv hlanine could be partiallv substituted Type 1 compounds 
formed complex Mif s with acriflavane components, and IMcIIw am considered that 
the inhibitors inactivate enzyme systems of which type 1 compounds are an 
essential part, and fvjie 2 compounds are siibsti itcs or products, some of whicli 
ean be rcjilaced by hvdiogcn carriers 
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Quastel and Wheatley (28) m studying the action of dj^estuffs on oxidation 
found that basic dyestuffs, one of which ivas aGnfla\ane, were lughly toxic, and 
yet Quastel (29) found that even at concentration of 1 in 2,000, fumarase from 
biam was not inhibited above 12% There was 100% inlnbition of fumaiase 
by such agents as Congo red, tiypan blue, acid green, methyl violet, benzopui- 
punn, etc Selecting another uni vei sally occuriing enzyme, urease, Quastel 
(93) expended hei work on the action of dyestuffs on enzymes Acriflavme at 
1 in 2,000 concentration inhibited punfied urease by some 72%, even at 1 in 
10,000 the inhibition amounted to 3% This was a general propeity of all basic 
dyes and could be prevented by various amino acids and diamines 
Inhibition of the Pasteui leaction by acridine d 3 ’-es has been reported by Dick- 
ens (30) He suggests that the general similarity to the Warbuig pjTidme body, 
the active gioup of the hydiogen tiansportmg and fei mentation enzymes, is 
sufficiently marked to warrant the conclusion that the action is by displacing the 
coenzyme through prefeiential adsorption on the colloidal earner, forming an 
inactive complex It is the opimon of the author that this is the fiist expression 
of the principle of selective adsorption of metabolic analogues Dickens points 
out that the quaternaiy nitrogen is not the key, as phenazine methiodide exerts 
a powerfully catalytic action in the Pasteur system instead of acting as an m- 
hibitor Mamfold (31) examined acriflavme, proflavine, 2 7-diaminoacridine 
hydrochloride and other antiseptics for their action on glucose and pyruvate 
oxidation systems of bram tissues Aciiflavme ivas extremely toxic even at very 
iow concentrations Proflavine sulfate was much less toxic than acriflavme 
and 2 7-dianiinoacridine w'as significantly less toxic than proflavine sulfate 
Manifold could not leverse the enzymes systems inlubited by the acridine 
antiseptics 


CHEMOTHERAPY 

The consensus of opinion of workers in the field of the aciidines would seem to 
be that due laigely to their toxicity, thej'' aie of little value for general systemic 
application Again, no attempt is made to reviow m detail the rather extensive 
literature on this aspect of the acridines, which is covered in other reviews (14, 
89) The present author is of the opinion that unmodified acridines, excepting 
5-aminoacridme and 2 7-diammoacridme, are of little value in systemic thera- 
peutics Smee it IS possible that the crude drugs used m the past w'ere re- 
sponsible for manj' of the accidents which occurred, fuither trial is indicated 
The toxicological results wall be treated in the next section 

Ehilich, using acriflanne (tri'^paflavine) prepaied by Benda (4), first demon- 
stiatcd the chemotheiapeutic effect of these chemicals in triTanosomiasis To 
Bi owning and his school in England goes much of the credit for the early applica- 
tion of the acndine senes in the fight against bacterial disease Fiom a consid- 
eiation of the liteiature it becomes immediately obvious that a profound con- 
troversy existed and still exists, a controveisy which can be settled only by 
fuither clinical re'^earch 

The surpiising potenc}^ of acriflavme against gonococcus (32, 33), active 1 m 
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50,000,000, led to its use m the chnical management of gonorrhea Daws (34) 
gave 0 1 grams of acnflawne by mouth and found it vas secreted in the unne in 
concentrations great enough to render the urine unfit as a culture medium for 
colon bacillus and staphs'lococci, provided the reaction of the urme is alkahne 
After tins dosage the antiseptic persisted foi eight hours In his practice, acute 
iiunary infections responded immcdiatelj Chrome urinaiy infections did not 
respond readilv Improvement v\ as noted in CO per cent of the cases In acute 
anterior gonorrheal urethritis, acnflavme is not a dependable prophylactic for 
preventing evtension to the posteiior iiretlira 30% of his patients showed a 
mild catharsis and some nausea In 5% there was vomiting and diarrhea In 
1932 Davis (35) again reported on urinary antiseptics and stated that acnflavme 
in alkahne urine is an unfailing antiseptic Some support of this work was 
presented by Hughes and Birch (36) Tliej found that if acnflavme is given 
bj deep subcutaneous injection, it wall cause urethral discharge to disappear 
quicldy, but that relapses are common and that local pain at the site of injection 
makes it unsuitable for use in an out-patient dime Jaundice was noted follow- 
ing acriflavine A tendency to lessen the incidence of complications in gonorrhea 
was the final tnbute of these workers to acriflavane 

The most recent chmc report on the use of acriflavane m the treatment of 
gonoirhea is that of Assmder (37) who found that in 4,985 cases of acute disease 
treated wath acnflavme the duration of urethral discharge was markedly re- 
duced As a nile, the discharge disappeared in 7 to 10 days, wluch was much 
less than was usual in his cases treated with irrigation alone If the posterior 
urethra is afteoted, acnflavme (which is being continuously excreted into the 
bladder) helps clear up the cystitis, w'hile if the posterior urethra is not affected, 
the acriflavine apparcntlj protects it Results in coh cases compared favoiably 
w ith mandelic acid Assmder states that liv'er damage as observed bj others is 
entirely due to the use of impure acriflavane Ho had been getting some bad 
results and completely eradicated them by using purified acriflavane It would 
«cem possible that acndinc antiseptics might prove of value in sulfonamide 
resistant cases of gonorrhea 

There have been manv reports of the successful treatment of menmgococcic 
meningitis (38, 39, 40, 41, 42) with acriflavine Recently, Puig (42) reported 
cure of meningitis following the use of proflavine Wegeforth and Emck (43) 
demonstrated in rabbits the effectiveness of the flavines in the treatment of men- 
ingitis, expenmentallj produced They noted, however, that even small 
amounts of the flavanes produced pathological changes in the meninges 

The possible value of the acridines as mtcstmal antiseptics has been mvesti- 
gated by Graham (44) The mice used in the study received proflavano bv 
stomaeh tube In no instance, lioncv'cr, was there significant diminution m B 
coll or other members of the usual aerobic flora of the bowel Acriflavine, ac- 
cording to Graham, was effective agaiiLst intestinal infections with Schistosoma 
lutcrcalatum It is the opinion of the present authoi that this work does not 
c umnntc the potentialities of the use of aciidines ns intestinal antiseptics Bv 
comparison, sulfanilamide did not piovc v cry' efficient as an intestinal antiseptic 
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Othei sulfonamides have Rivanol is meffective as an intestinal antiseptic (45) 
but is an effective agent in the treatment of amoebic dj^senteiy (46) 

Acriflavme has been repoited (14) effective against trypanosormasis in animals 
and against sleepmg sickness in human beings, ineffective against malaiia in 
human bemgs or birds, effective m piroplasmosis m dogs, effective agamst staph- 
ylococci, coh and stieptococci, ineffective against pyocyaneus, tetanus and gas 
bacillus, effective against wound diphtheria, effective agamst pneumonia in 
mice, effective against chicken choleia, anthrax and cholera, inactive against 
mouse arthritis, inactive against tj^phus, inactive agamst tuberculosis 

It seems that most investigators beheve that acridines aie moie effective 
against staphylococci than against streptococci Rivanol is effective against 
staphylococci, streptococci, gonococci and amoebic dysentery The aciidines 
seem to be generally ineffective agamst proteus and pj'-ocyaneus piobably due to 
nutiitional requirements which peimit these bacteria to synthesize the factois 
specifically displaced by aciidines 

The controveisy revolving around the use of acridines in the treatment of 
superficial wounds is due laigely to the discussion of whether or not fla\anes aie 
bactericidal in concentrations at which they do not injure leucocytes or fibro- 
blasts It would seem that the evidence favors the \new that they are valuable 
drugs foi use in local chemotherapy 

German (50) found the highest efficiency of acriflavme at concentration of 1 in 
1,600 Acriflavme exerted an inhibiting effect on fibroblasts, while not particu- 
larly altering epithelial piohferation Fiom his studies, German concluded that 
acriflavine was one of the few antiseptics exerting bactericidal effect m dilutions 
compatible ivith tissue viability Mueller (51) repoited that all of the aciidines 
were less effective when tested in broth or m bioth plus seium Agglutination 
of human red corpuscles by fla^^ne and acriflavme in dilutions up to 1 in 3,200 
was noted by Flemmg (52) A strong anticoagulant effect on human blood m 
concentrations of 1 m 2,000 was found The dyes completely inhibited leuco- 
cytic emigration, and had a destructive action on the leucocytes Thus, vith 
acriflavme Flemmg felt that the leucocidal action greatly exceeded the bac- 
tei icidal action In blood sei um a concenti ation of 1 in 32,000 permitted gi on th 
of staphylococci, B coh giew m 1 in 1,000, and B pioteus grew m 1 in 2,000 
concentration When aciiflavme vas mjected m large doses, the flavine imme- 
diately disappeared from the blood which acquired no bactericidal power The 
fla-\une w^as taken up by the tissues which became yellow^ but acquired no mhib- 
itoiy powei foi the growth of bacteria Diummond and McNee (53) reported 
absence of toxicity but little else favor mg the use of aciiflawne They state 
that aciiflavme cannot be classed as a success m the treatment of latei stages of 
w^ai wmunds It AA'as their opimon that piocesses of repair Avere completely in- 
hibited Colledge et al (54) could find no advantage m the use of proflavine 
OAmi aciiflavme The effect of hydrogen ion concentration on the effectiA eness 
of the acridines was emphasized for the fiist time by BiOAA-ning, et al (55) They 
noted that the antiseptic action of aciiflavme and proflavine was greatei m 
slightly alkaline solution The most favorable alkahnity was equivalent to 
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0 001 N sodium hydroxide The results obtained seemed much better when the 
pH was adjusted by the use of phosphates Browning had previously stated ^ 
(1) that acriflavine was the most powerful baetciicidal substance for both staph- 
ylococcus and B coh, and it was equally efficient for the enterococcus and for 
anaerobes such as B oederaatis mahgru Browmng’s second paper (2) with the 
same coworkers stated that acriflavine exerts a slowly progressive bactericidal 
action Concentiations of this substance wluch at first inhibit and then kill 
bacteria are without harmful elTcct on phagocytosis Bond (50) devised an 
ingenious method foi testing leucocyte activity which he applied (57) to the 
acridine antiseptic then used, namely, aciiflavine His conclusions were that 
there was no evidence of toxicity of acriflavine for leucocytes in the concentration 
lecommendcd Three preparations were used acriflavine soap paste made from 
neiitializod stearic acid and sodium carbonate with 0 1% acriflavine, an acri- 
flavine gelatin made by incorporating 0 1% acriflavine, and, finally, an acriflavine 
starch preparation Bashford ct al (58) report that m their experience treat- 
ment wath flavine (1 in 1,000) results m small formation of pus, slow epithelial 
ingrowth, delay m all processes of repair, hngering of organisms in the wound 
surface, and some diminution m the local and general reaction to infection Re- 
sults were essentially the same with proflavine or acriflavine This report of the 
Bashford group is a clear tut condemnation of the use of the flavines 
Recommendation of acriflavine in the treatment of streptococcus infected 
wounds was made bj Sclucmann and Wreschner (59) Browning and his co- 
workers (00) again came to the defense of the flavines in an article in wluch they 
reported results on 000 bum and pyogenic infection cases tieated with acriflavine 
or proflavine Clinicallj there was no intcifcrence with formation of granulation 
tissue, no evidence of pellicle formation oi necrosis, and no tendency to bemor- 
ihago Ossification proceeded actively in pciiostcal granulation tissue under 
application of flanne Rpithchal regeneration, in the form of ingrowth from 
suriounding skin and giafts, pioccedtd actively in contact with dressings 'oaked 
m flavine solution Histological examinations in icprcsontative, unselecfed 
cases have confirmed and supjilemented the clinical observations Browmng 
had used aim 1000 concentration apiilicd on sterile gauze m burns, ulcers of the 
leg, carbuncles, cellulitis, osteomyelitis, acute suppurative bursitis, abscesses, 
septic hands, and fistula m ano In this article Browning and his cowerkers 
completely refute the claims of Bashford et al (58), Drummond ana ftIcXee 
(53), etc Eggerth m 1920 (Gl) took a stand somewhat m botveec. He con- 
cluded that the acnflavanes might be useful m infections that did cot tend to 
become rapidly geneializcd His obseivations on the bactcnoicscs! aspects of 
flavane usage were illuminating 

The germicidal titei of acriflavine was markediv mflucniy-d nature of 
the medium m which the tests were m ule Meat mfuoion mac—' lowered 
the titer Die action was verv diffcient at vaijang hydrogen coa'cntratioa 
alkaline reaction incicasing the gonuKidal action fed nn adin- 

vaiit action on the acriflavine titer, diffeiing acconling to * -‘r-,, ^ 

Metabolic products of sticptococciis inhibited the “"-i 

“* •* V tj,-* X 
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gi eatly reduced activity Burke et al (26) i ecommended alteration of acr]fla\one 
and gentian nolet in wounds This recommendation was based on the ease vith 
which bacteiia acquiie lesistance to any given chemotherapeutic agent The 
concept of alteiation of chemotheiapeutic agents seems sound in Anew of recently 
recorded results on the use of flaAune following sulfonamides Hawking (87) 
found proflanne most effectn'-e in prei’enting infection in w’-ounds, but he used 
solutions of the acridines and feels (94) that the application of powdeis of pro- 
flavine or of 5-aminoaciidine to fresh non-suppurating w’ounds is contraindicated 
This conclusion is based upon lus ivork in w'hich he placed these chemicals as 
pow ders under the skin of rats and found extensive neci osis in ei'ery case McIn- 
tosh and Selbie (104) using a neiv and more reliable teclmique for testing chemo- 
’ theiapeutic agents report that aciidines possess a fairly pow'erful action against 
all three anaeiobes tested, Cl welchii, Cl oedematiens and Cl septicum No 
single agent was effective against all tliiee agents, and these investigators recom- 
mend a combination of proflavine and sulfa thiazole, 1 to 100, in an oil in water 
base 

Gairod and Keynes (62) called attention to the disadvantage of the acridines 
mamfested in their being adsoibed on the material of the dressing so that little 
gets to the wounds unless an excess of the aciidme is piesent Further, then 
expeiience disclosed that the actmty of acridines is inhibited by preparation 
with an oily base 0 2% solution of acriflavine is i ecommended The relative 
ineffectn’'eness of the aciidme agamst B pioteus and B pyocyaneus is empha- 
sized At 1 in 100,000 acnflanne is effective against streptococci and 
staphylococci 

Fleming (63) in 1938 again attacked the aciidincs bj^ stating that in a 24 houi 
peiiod, 1 in 2,000,000 aciiflaAune solutions destroj'ed leiicocAdes, while at this 
concentiation aciiflaAune had no antiseptic actmty whatever He emphasized 
the importance of the tune element in evaluatmg the comparative studies wntli 
leucocyte destiuction and bacteiial inhibition In fii^e houis, the phagocytic 
actiAuty of leucocytes was seriously impaired by a dilution of 1 in 500,000 of 
aciiflavine In a symposium held in 1940 in England, Fleming (64) again em- 
phasized his results showing that leucocytic function is damaged in dilutions 
wduch are not bactencidal Gariod (65) at the same conference disagreed ivith 
Fleimng (64) and suggested that failuie to check the purity of the flavine prepa- 
lation w'as lesponsible for the Amiiation in lesults He repoited that 1 in 2,000 
concentiation of acriflaAune i educed leucocjd^ic activitA’’ but did not abolish it 

This section of the renew has been presented chronologically as it is the belief 
of the author that Gairod (65) is fundamentally coriect in Ins statement that . 
purity of the chemical ivas the factor in many of the results reflecting on the use- 
fulness of the acndmes It was not until 1940 that tins fact was consideied by 
climcians although Gailhot (15) had icported it in 1934 Beriy (18) also empha- 
sized the purity factoi and recommended substitution of proflanne for acri- 
flanne The piesent authoi feels that physiological and biological cxpeiimenta- 
tion involving flannes should be accompamed bA-^ chemical data as to purity 
Personal experience has taught the extreme difficulty of obtaining flaAines in a 
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chemically pure form, and it is almost certain that relatively impure preparations 
have been used in much of the work presented m the past few years 
Jacoby ct al (66) report that pioflavme everts a total and irreversible mliib- 
itoiy effect, accompamed by disintegration of cells at concentrations lower than 
1 in 1,000,000 Work was done on fibroblasts Acriflavme at 1 m 1,000,000 
m 30% serum caused complete dismtegiation of maciophages m 24 hours In- 
hibition of epitheha from the gut of a 10 daj' old chick occurred at concentrations 
between 1 m 100,000 and in 1 m 120,000 In 1941, Russell and Falconer (07) 
tested acriflavinc, euflavine, proflavine sulfate and 2 7-diainmoacndine on cere- 
bral tissues Of these the first tw o inflicted uniformly disastrous effects upon the 
bram, hemorrhage and necrosis were conspicuous features These investigators 
recommend 0 1% isotonic solution of proflavine sulfate buffeicd to pH 6 2 as the 
antiseptic foi proph 5 dactic treatment of brain w ounds The histological appear- 
ance of preparations did not suggest that the apphcation of proflavme caused 
any alteration in the normal processes of inflammatory reaction and healing 
Using buffered isotonic proflavme sulfate emulsion as an occlusive emollient 
dressing for superficial granulating areas and second degree burns, Heggic et al 
(85, 86) found no inhibitory action on fibroblastic activity and cpitheliahzation 
in the heahng process They found the acridines most useful 
Pioflavme is of grcatei v'alue than sulfanilamide and is at least as good as 
sulfathiazole m the local piophylavis and treatment of Cl welcliu infection in 
mice (68) The authors recommend its fuither use and testing as a wound 
dressing The article of Mitchell and Buttle (69) recording then results with 
flav mes m the North African Campaign shows that proflavme is much less tovic 
than acnflavine It was used m 80 cases with beneficial results in every case 
Where staphylococci aie the mfectmg organisms, proflavine proved more efficient 
in controlling or eliminating infection than any othei drug so far tried, and many 
cases of mixed infection responded very well With one exception, no inter- 
ference with heahng was noted Most patients found the dressmgs pamless 
Sulfonamides were of little value on wounds whirh were deep or extensive, par- 
ticularly those involving bone or joint wheic mixed infections are llie rule Vari- 

ous forms of treatment were tried including plain saline and vaseline dressing, 
hjpertomc salt, urea, cusol, acnflavine, gentian violet, brilliant green, hydrogen 
peroxide, glycerine and sulfonamide solutions, blood transfusion, etc A number 
of cases failed to respond despite everything tried, and this led to the use of 
proflavine From 0 5 to 2 0 grams of proflavine wore placed directly into the 
w ound As vv as prevaoiisly reported, B protcus w as most resistant to proflavine 
6-Aminoacndino hydrochloride was tested (70) by Russell and Falcomr and 
found to cause no appreciable damage to the brain when applied in concentration 
of 1 in 1,000 In its action on tissues it is close to proflavanc or 2 7-diamini}- 
acridine When applied as a powder directly, all three agents were dfsHnirtm 
not only to the brain but also to muscle and other soft tissues 'nifyie v/otkers 
feel that it is inadvasable to apply the powders directly to wounds fnir-y ij."! 
the results of Mitchell and Buttle (09) and feel that the wounds ^-^T/h-iviIv 
infected which fact resulted in the beneficial effects 'Jin u / r/ fornhmed 
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sulfonamide and proflavine is recommended Beatli (71) has recently proposed 
the use of proflavine sulfate at 0 1% for the suppression of infections in wounds 
Bromnng (72) states, “It has been shovm under experimental conditions that 
the flannes, when apphed to the tissues at the site of inoculation are highly 
effective in preventmg the development of infection vnth various orgamsms in- 
cluding streptococcus and certain gas gangrene anaerobes ” This statement 
made m March, 1943, included a warning to the effect that the contmued use of 
flavme retards granulation and heahng, and recommends the use of other treat- 
ments after the initial treatment with flavmes Brovmmg feels that the most 
important point practically is the capacity of the flavines to prevent and control 
infection This so called pickhng or cold storage effect has enabled wounded 
men to be transported without redressmg 

Before concludmg the discussion of acridine chemotherapy, it is m order that 
results vnth a few of the more complex acridmes should be mentioned Friede- 
man (99) reported on the use of three of the compounds prepared by Schmtzer 
and Silberstem (13) He used S-ethoxi'^-S-mtro-S-diethylammooxypiopylamino- 
acrldme, 3-diethylaminoethoxy-8-nitro-5-ammoacndine and 3-ethoxy-8-nitro-5- 
glycyldiethylammoethylamidoacridine m cases of pleural empyema and found 
them to be most effective Rivanol (7) enjoyed some success m the clinics 
This compound is 3-ethoxy-5,8-diaminoacridioe 

To summarize or draw conclusions from this conflicting literature is a process 
re'fluiring caution It must be done largely on the basis of an evaluation of the 
methods used by the various investigators The author is inchned to concede 
to MitcheU and Buttle (69) that then practical experience outweighs all other 
evidence They have had an opportunity to use pure chemicals under the most 
severe conditions Adverse reports are largely based upon in vitro considera- 
tions of effect on leucocytes or fibroblasts, etc , which do not necessarily reflect 
m vivo conditions Items of importance are the necessity of using an excess of 
flavine over that needed for direct apphcation if dressings are used, as the dress- 
ings adsorb the flavme The concentration to be used is 0 1% buffered to pH 
6 2m isotonic saline Prolonged apphcation seems to be contraindicated 

CHEMOTHERAPY 

Tumors 

Gye (47) found that the action of acriflavme m vitro on the filterable agent 
which causes the Rous sarcoma of birds is closely similar to that on the wrus of 
bowne pleuropneumonia He concluded that tins was strong e^ndence that the 
tumor agent belonged to the wrus group of disease producing microorgamsms 
On transplantable mammahan tumors, hlellanby (48) found that the aciiflawne 
produced the same effects as on filterable tumors of birds A concentration of 
the antiseptic which produced changes m one produced changes in the metabolic 
activities of the other Thei e v as a marked and irreversible reduction of oxygen 
uptake Avithout change in the glj’-colysis The mammahan tumor so treated 
lost the power of growth, vhile the bud tumor retained it From this and other 
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chemical obsei-vations it appears that the mechanism of inducing growth of the 
mammalian tumor depends on colls more or less intact as regards their metabolic 
properties, moie particularly those which allow the uptake of oxygen In 1941 
Lettrd (49) reported that tiypaflavine inhibits complete mitosis 0 025 and 
0 05 mg were given on 5 successive days, and this treatment prevented the 
development of the tumoi and piolonged the hfe of the test animal Higher 
doses of the acridine further prolonged the survaval period of 14 days for the 
controls to a period m excess of 31 days for the experimental!}' treated ammals 

PHAIIMACOLOGX 

Anaphylactoid reaction following the administration of 250 mg of acriflavme 
was noted by Trcuherz (73) This was due to a fall m blood pressure demon- 
strated to occur m the dog (74) Severe pathology was seen in the liver and 
kidne}"! of these dogs Ciattenden (75) found little alteration in blood prcssuie, 
heart rate oi respiration unless large doses of aciiflav'ino were used He reported 
that vaiious preparations of acnflavmc showed marked differences m phaima- 
cological properties due to chermcil impunt} Suffolk (7G) reported that m 
bacteriostatic concentrations acnflavme produces no toxic effects on the isolated 
frog hcait The dye prolonged rather than shortened the survival penod 
Seventeen acridine compounds were tested and only one, a chloro compound, 
was toxic The majority of the chemicals of the aendine senes antagomzed 
iicetvl choline Some compounds, acnflavme and atebnne, showed this action 
with frog tissue and mammalian tissues Suffolk could find no direct correlation 
between pharmacological propeitics and chemical structure He recorded a 
suipnsing contract between 2 ammoacridme and 4-aminoacndmo, both had a 
similar depressant action on the auricle but in antagonism to acetyl choline the 
former is more pow erful than any other compound w hilc the latter is inert The 
foil! diaminoacridine sulfates showed no power to antagonize acet}l chohiic, thus 
differing from the h}diochIorides The aminoacndinc compounds are but 
additional members of a long list of diverse comjioimds which antagonize acetyl 
choline and thus antagonize the action of the parasympathetic nerves Clinical 
experience has demonstrated that no actual interference with parasympathetic 
activity occurs despite the fact that blood concentration is attained which might 
give such an effect 


Vcnllavanc m the foim of 0 1 and 0 5% solutions has been used mtravenousl} 
III human beings m doses of 200 mg with no ovndcnce of toxicit} (77) Hierc 
arc, however, several repoits (77, 78, 79) of the precipitation of acute toxic hepa- 
titis, as manifested bv jaundice, followang the use of acnflavme The cases 
reported by Hanschcll (70) followed the use of 078 grams In all his ca‘eo 
jaimdicc was well marked and was calarrhal m type with enlargcmert of liver 
and, in one case, of the spleen The onset was delajed for 112 davs md tUo 
duration was IG da}s Cullman (78) reported onl} one case, ” luch had received 
10 grams of acnflnvane The patient died and lies liver showed hirtoloSy a 



96 


GUSTAV J JiLlETIN 


typical acute toxic hepatitis Before death jaundice, vomiting, diowsiness and 
coma characterized the syndrome Birch (77) noted some jaundice but felt 
that within therapeutic limits the danger of toxic hepatitis from aciiflavine per 
os was negligible 

In the rabbit, acriflavine is destructively organotropic, paiticularly against 
hver and kidney (97) Many of the chmcal investigations have mdicated that 
the compound is irntatmg to the mucosa of the gastromtestmal tract (98) causing 
nausea Young-Simpson (80), an enthusiastic supporter of the use of flavine, 
circumvented the mtestinal irritation by usmg enteric coated tablets 

The toxicity of acridines, mainly acriflavme, for leucocytes is a subject con- 
sidered in the section on chemotheiapy It need be stated here only that while 
the work is controversial, acriflavine is probably capable of inhibiting phagocy- 
tosis in concentiations around 1 in 2,000 (81) 

The most important piece of work on the i elation between structure and 
toxicity in the acridme series of chemotherapeutic agents is that of Albert, Dyei 
and Linnell (9), who report that the entry of 2-amino substituent into acridine is 
found to decrease the toxicity which is fuither modified by the introduction of 
the second anuno group, the direction of the modification dependmg on the posi- 
tion of the second entering group 4-armnoacridme differed from all other 
derivatives in givmg rise to tetanic spasms Acriflavine was considerably moie 
toxic than proflavine The substitution of an ammo group of acridine by a 
chlorine atom led to increased toxicity Placing of two ammo substituents in 
one ring led to a notable heightening of toxicity The acetylation of one of the 
amino groups in proflavine reduced toxicity, a similar effect being obtained by 
the conversion of the acridme nucleus to the corresponding acridone structure 
2 7-diaimnoacridine which has only two-fifths of the toxicity of proflavine and one- 
tenth that of acriflavine, while possessing the same older of antiseptic potency, 
IS lecommended for further tiial 

The effect of aciiflavine on blood is mteresting The work is questionable 
because of its vintage and should be repeated Bohland (96) noted that one 
hour aftei the intravenous mjection of tiypaflavine into the circulation, the 
numbei of erythrocytes is reduced by half a million and wlute blood cells are 
increased by one-half or even doubled The number of lymphocytes showed the 
greatest increase Meleney and Zau (97) believed that the leucocytosis ob- 
served in rabbits after the intiavenous injection of neutial aciiflavine was propor- 
tional to the amount of dye injected Little effect on led cells or on clotting 
and bleeding time was noted 

STRUCTURE AND ACTRUTY 

The Avork of BroA\mmg et al (82, 83) and moie recently that of Albeit and 
Linnell and their school (8, 9, 22, 12) has been outstanding in this field In 1921, 
Biovming and Cohen (S3) investigating modification of the aciiflavme molecule, 
reported that introduction of method ladical into the basic nucleus increased 
potency. Substitution of methyl, by ethyl, propyl, isobut 3 d, isoamjd, phenyl 
or benzjd had almost no effect on antiseptic piopeities Langer (84), hovever, 
felt that theie ivas little diffeience between acndine and acndimum compounds 
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Continuing las studies, Browning (82) found that no fragment of the acndine 
molecule equalled or even approximated closely the diammoacridines The 
ammo group enhanced the antiseptic potency both for staphylococci and coh 
The chloroacetate, chloiopropionate and chloiacetamhde derivatives in which 
these radicals substituted for the methyl differed little m potency Introduction 
of methyl and ethyl groups into the ammo radical depressed rather than en- 
hanced the antiseptic potency Substitution of one ammo group hydrogen by 
acetyl radical practically abolishes the antiseptic action Carboxyhc esters were 
so weak ns to suggest a depressing action by carboxjl on antiseptic potency 
Replacement of amino gioups by hydroxjis almost eliminated antiseptic power 
Of aU pyridine, quinoline and phcnazine compounds tried, only two were equal 
to the acridines, namelj, 2 7-tctramethyldiammophenazme and 2 7-diamino- 
3,0-dimethylphenazine Morgenroth (7) worked with a 5 ammoaendme senes 
m which the 3 position carried an alkoxj grouping If the 5-amino group was 
substituted, the potcnc}' w as dimimshed materially 5-aminoacridmc has come 
into prominence recently because of its non-staining quality (12) When an 
amino group was put m the 8 position, maximum efficiency was attained This 
compound became known as nvanol Hata (5) experimented with methoiodide 
compounds similar to acndine, a methochlonde compound, and found them to bo 
loss toxic and equally bactericidal to the corresponding methochlonde 
l-aminoaondmes (8) are totally inactive The explanation of this hes m 
hj drogen bonding as outlined m the section on chemistry A 2-amino substitu- 
ent increases activity which is fuither enhanced by a second ammo group in the 
2, 3, 4, or 5 positions in the othei nng, accompanied by increased toxicity m the 
case of a second 2 substituent Wlien two ammo groups arc present (3 7) the 
activity IS moderate, but the 3 8 diamino acndine is as actu c as proflavine 
although of lower toxicitv, a 4-nmino substituent has small activity while the 
5 position IS highly active but ma> give rise to increased toxicity Intact acndine 
nucleus is essential The 2 chloro-6 aminoaciidmo is mtcrestmg Two senes 
of ammo group compounds in 2 and 3 position were made with the chlorine in 
6, 7, 8, 9 In general, the cldoro compounds were slighth less active against B 
coll and Strep pjogenes than the parent ammo compound Thus the chlorine 
atom did not increase the activit 3 ' of the ammo compounds as it does in the 
cWorophenols On the other hand, 2-amino G-chloro, 2-amino-7-chloro and 
2-amino 8-chloroacridmes were much more active against Staph aureus than 
were the parent ammo denvatiic or proflanno itself This result is of impor- 
tance as the acndines are generallj not verj effeetuo against Staph aureus 
Hie senes of cWoroalkoxy denvatives was prepared and examined but little 
difference in actuitj was observed according to position of substituents The 
scries was msohible and of little interest 2 7-dmminoacndine was ten times 
less toxic than aenflanne 


Much of the work done before 1910 and some since that date was complicated 
bj the urn of impure chemicals This is a point which can not bo , 
emphasized as the flax mos aie difficult to obtain m a pure foim Work doL^on 
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fibroblast and leucocyte destiuction m the test tube is not necessarily a true 
reflection of the value of a chemotherapeutic agent in practice It can only be 
said at the present time that a great deal of lesearch must be earned out vath 
these agents before conclusions can be reached 

It IS the opmion of the reviewei that the acridine senes offeis limited potenti- 
alities as systeimc disinfectants As local and supeificial antiseptics, howevei, 
the 3 '’ offer excellent potentialities The most pioimsing members of the series, 
5-ammoacridme and 2.7-diammoacridme, have not been subjected to any sig- 
nificant amount of chmeal trial In fact, then use m expenmentation in the 
laboratory is quite lecent 5-ammoacndme seems to offer the greatest hope 
as it IS a non-stainmg chenucal and, therefoie, could be applied through dressings 
Acnflavine has been generally discredited, but it is possible that much of the 
discredit is undeserved Acnflavine as such has been justifiably supplanted by 
proflavme, 2 7-diammoacridine and 5-ammoaciidme The recently intioduced 
(19) proflavme dihydrochloride offers advantages over pioflavine sulfate 

The appearance of organisms resistant to sulfonamides makes imperative the 
further consideration of chemical agents of the type of the acndines The work 
of Mitchell and Buttle (69) carried out under adverse conditions demonstrates 
conclusively m the reviewer’s opinion the fact that the acndines are valuable 
chemotherapeutic agents 

The sulfonarmdes, the anti-biotics, the aendmes, the diamidmes and all other 
knovn chemotherapeutic agents represent but the beginning of the ever expand- 
mg armamentarium of the physician Pantoy Itaunne (88), the metabolic 
analogue of pantothemc acid, represents the first of a new senes We must 
expand the horizons and explore fields aheady discovered 

The Bntish Medical Association (103) has editonall}’^ stated that the reason 
for the failure of the acndines m the past was due to “mong choice ot compound 
and misapplication ” They further state, “It (proflanne) should certainly be 
given further trials in companson ivith other agents for the pievention and treat- 
ment of wound infections ” The Amencan Medical Association (102) concurred 
when it stated editoriallj^, “The scaicity of penicillin and certam limitations of 
the sulfonamides make it desirable to investigate further the possibilities of the 
acrichne compounds, in particular proflavine ” 

ADDENDUM 

Foul articles of great merit have appeared since this review went to press 
Mitchell and Buttle (Lancet, 2, 287, 1943) find diflavine (2 7-diaminoacndine 
monohydrochloride) and pi oflaiune to be less toxic than 5-ammoaci idine Among 
battle casualties vith wounds of eveiy type of severity, beneficial results were 
obtained in 250 cases Both diflavine and proflavine were effective against 
stieptococci, staphylococci and clostndia, but they gained the impression that 
proflavine was the better drug The diflavme vas used by dusting 0 to 0 75 
giams onto the wounds after cleansing the wound v ith 1/1000 proflavme In 5% 
solution m glycenne, diflanne was applied as a non-adherent dressing Using 
this procedure, vounds were redressed every fourth or seventh day Proflanne 
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produced striking improvement m two cases where succmylsulfathiazole had 
failed and in one case where pemcilhn had been given a fair tnal The use of 
proflavine base and sulfanilamide powder m the pioportion of 0 25 grams to 5 
grams is recommended by Biownlee and Tonkin (Quart J Pharm and Phar- 
macol , 16, 73, 1943) hicintosh and Selbie (Lancet, 2, 224, 1943) also recom- 
mend a mixture consisting of 1% proflavine in sulfathiazole The mixture was 
effective against all organisms causing gas gangrene and had the added advan- 
tage of diminishing the local toxic effects of proflavine An excellent study of 
the acndines by Ungar and Robinson (Lancet, 2, 285, 1943) resulted m then 
lecommendmg 2 7 diaminoacndme as being less toxic and less apt to mterfeie 
with healing 
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S J THANHILYrSEK, MJ5 , Di D 

F-vr-i •frJo'^cph R jPraii Diasne^' c F> *- 'J?, R •’•>, J*f £« o , Ui^-v-wr »-’■ J 
Ti.fls JV- 

iT^ijdiriwn F \on Hccklingliuscn fin^f dcsinlxxl the cIiti’mI ^xitdrvu'ic 
ki! — n ance as neurofibromatoas in an article ' Fcbcr die NciirofibKmie der 
HY":* und ihre Beziehungcn zii den Xcuromen,” in an Anm\ er^arN ^ oliinie in 
lirn'j'ofll Y’lrchotv’s COth birthdaa in 1SS2 Ten wars later, the a.inu' author 
deitated to R Vircboav’o 70th birthdaa a second article entitled ‘Die iihroe'O 
'•dir deformierende Ostitis, Ostooinalacae und ostcoplastische Carcuiose" In 
tte- latter article ho described the cliiiicol syndrome thereafter known as “iv-teitis 
£5~5sa cjstica " Rocklmghaiison quotes other authors as haaniii; reiiorted t i^es 
-rY.*a might bo identical to the features of osteitis fibros,! casticn (hroriep IS 12, 
J.ZngellSSk, Wilks 1SQ9, Laiigcndorft and Momnasen 1S77> llirschbetg: ISS'l) 
Ee d.d not himself attribute a common etiology to these ta\ o sep aritcK de^i nbed 
£~r.d'omes He did not describe ana pigmentation of the skin or ina ol\ ciueut of 
Ccs'^ organs such as the mcmiigcs, brain, skeleton, or ancen 
The French school (P hlanc and II Beniard A Cliauffird) first calleil 
attention to the pigmentary anomalies of the skm in ncurofibiomatosis, ailiile 
tie -irceral and bone changes wore first rejiorfcd m the Germnn, Fnglish, and 
Airenean literature (Adiiaii 1901, Bloodgood 1901, Silacr 1911, Flmslic 1911, 
Eime 1918, Stahnkc 1922, Brooks and Lehmann 1921, Flicgcl WSI, Slnlmaim 
P'33, Pebercr 1933) Later publications (for literature see Morton 1922, Rleii- 
holm 1924, Notlimnnn 1937, Falconer and Cope 1912) mentioned obloitis fibroai 
ca'stica as a separate nosologic entity, both clinically and nnatonuoalla Idiegel 
fl925) and Sfalmann (1933) called attention, howeacr, to the siiuilnnta of the 
fibrous bone cysts occuning in neurofibromatosis and osteitis librosa lystica 
Studies have been published in tlio English, Freiirli, and Italian litriatmo winch 
show that cutaneous neurofibioma, caf6 au lait spots, and osteitis fibrosa die- 
ceminata mav occur in the same patient 
These observations, however, were ovcrsliadowcd by those of the Iicimcso 
surgeon, P Mandl, who m 192G first repotted a successful extirpation of an 
adenomatous parathyroid gland on a patient suftering from osteitis fibiosa 
Cu'fip’s pbj'siological studies (fa25) of the lionnonc of the paratliy roul 
gland had already demonstrated tha''in excess of this horinoiic causes an in- 

' Aided by grants from tlio nockcteller roundntion nnd tho Oodfroj IIj mils 1 rust 1 mill 
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Cl ease m the calcium level and deciease in the phosphoius level of the serum 
At the same time a demmeiahzation of the entiie skeleton takes place, whereby 
an overflow of calcium mobilized from the skeleton through the kidney may be 
observed Also, calcium deposits, so-called calcium metastases, may be pro- 
duced by contmuous mjection of parathjuoid hormone Fibrous tissue replaces 
the bony trabeculae and becomes soft, m some areas formmg cyst-hke structures 
(Mandl, Jaffe) 

These expeiimental discoveiies and the operative success of Mandl gave use 
to the idea that the pathogenesis of osteitis fibrosa cystica may entirely depend 
upon the correct function of the parathyroid glands This belief was strength- 
ened when an hypeitiophied or adenomatous parathyroid was found, together 
with high serum calcium and low serum phosphorus levels, in patients suffeiing 
from osteitis fibiosa cystica (Dubois, Bauer, Albright, and Aub, Ban and 
Bulgei) 

Smce publication of these findings, osteitis fibi osa cj'^stica has been commonly 
legarded as a result of h3'-peiparathyioidism despite the fact that many cases of 
the disease described more recently have shovm neithei parathyioid enlargement, 
increased calcium levels in the seium, generalized dermnerahzation of the entue 
skeleton, nor calcium metastases But manj'- of the newei papers dealmg with 
osteitis fibrosa cystica do leport the coincidental occuirence of large pigmented 
blotches Fuller Albright took account of this discrepancj’’ when he proposed 
a distmction between osteitis fibrosa cj'stica dissemmata and osteitis fibrosa 
Gj^stica geneiahsata, in -which he lestricted the name osteitis fibrosa disseminata 
to the cases m which localized and dissemmated lesions of the skeleton are 
piesent, togethei with normally calcified and noimally stiuctured bones In 
these instances noimal calcium and phosphate and only slightly mcreased phos- 
phatase values aie found On the other hand, he reseived the designation 
osteitis cj^stica generalisata foi the cases of geneialized demmerahzation of the 
skeleton, with fibiocj'^stic lesions and high calcium and low phosphoius levels 
together ^vuth high phosphatase values In these cases enlargement of at least 
one parathjnoid gland has been found on exploiation 

The term “polyostotic or monostotic fibious dj’^splasia of bone” is used b}’’ L 
Lichtenstem and H L Jaffe (1942) in their extensive histological studies of 
osteitis fibrosa cystica dissemmata A deep-rooted congenital anomalj’’ of 
development is considered by these authois to be the primary etiological factor 

This present studj’- endeavors to clarif3'- the pathogenesis of osteitis fibiosa 
cystica locahsata and dissemmata (x'on Becklmghausen) An attempt will be 
made to demonstiate that undei the heading of osteitis fibiosa cystica Reclclmg- 
hausen, two etiologically diffeient clinical entities are repoited One, osteitis 
fibrosa cystica dissemmata, will be shown b3’- collected evidence to be related by 
its clinical and histological features to neui ofibromatosis (Reckhnghausen) The 
other, h3'perparath3woidism -wnth lesultmg fibrocystic bone lesions, is primarily 
caused by h3’perfunction or adenoma of one or more parath3'TOids Parathyroid 
h3T3eractmt3^ may also, as a secondarj'- reaction, complicate different kinds of 
malacic bone diseases (osteomalacia, semle osteoporosis, multiple myeloma. 
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EGCoudary cdtcuiomatosis of the bones) In raie instances, it may also compli- 
cate severe cases of osteitis fibrosa cvstica disseminata 
The material to bo discussed, collected from the literature uith the addition 
of our own cases, will be presented in six scpaiate sections 
I The Pathogenesis of Cutaneous Ifeuiofibroma 

II The Significance of Pigmented Areas (Taches du Cafd au Lait oi Geo- 
graphical Map-Likc Broun Blotches) in the Diagnosis of Neurofibio- 
matosis 

III Fibrooj stio Bone Lesions in Neurofibromatosis 

IV Hyperparathyroidism uith Geneialized Decalcification and Fibiocjstic 

Lesions of the Skeleton, and Osteitis Fibrosa Cj'stica Disseminata 
Two Different Clinical and Pathogenic Entities 
V The Pathogenesis of Osteitis Fibrosa Cjstica Localisata and Disseminata 
(RecLlinghausen) 

IT Endocrme Symptoms m Neurofibromatosis and Osteitis Fibrosa Cjstica 
Disseminata (Recklmghausen) 

I the pathogenesis op cutaneous NEUnOHUROSIA 

Smce the publication of \on Recklinghausen’s original paper, “Ueber die 
Ncurofibrome dcr Haut und ihre Beziehungen zu den Neuromen,” there has 
been much controversy as to uhethei these neuromas develop from mesodermal 
or ectodermal tissue In ^ irohovv ’s classification of tumors they were grouped 
as false neuromas because of their lack of none cells The nodular fibromas, 
or fibroma molluscum, which use above the skin m many cases, are purely 
hbromatous and do not show any connection vnth nei ve tissue For this reason 
the famous French neurologist, Pieire Mane (1800), doubted the coirectness of 
Recklinghausen’s onginal concept of neuiofibromatosis As early as 1890, A 
Chauffard, whose opmion was based upon the histological studios of F Ramond, 
suggested replacmg the name “neurofibiomatosis” with the designation ‘‘fibro- 
matose pigmentaiic ” He admitted, however, that “two categories of fibromas 
analogous m their clinical appearance but different in site and ongin must bo 
distinguished” His two categories were as follows (1) Fibromas onginating 
with the permeoral tissue and accompanied by multiple neuromas of the nerve 
stem or its branches, and (2) Fibiomas which do not ongmate m the perineuial 
tissue and are not accompanied by' multiple neuroma In both instances pig- 
mented spots of cafe au lait or deep “brimatrc” color may occur The pigmented 
blotches are, according to Chauffard, as characteristic of the presence of neuro- 
fibromatosis as the nodular fibroma itself 
the nodular libroma itself 

On the basis of the often-observed hereditary factors, Adrian (IDOl), Preiser 
and Davenport (1918), and also Kaufmann (1921) claimed that a deep-rooted 
anomaly of the “anlagc” of the germinal layer results in this type of growth, 
where ectoderm il and mesodermal elements may altcmatclv' prevail 
In contriidii tion to this dualistic explanation of the neurofibromas, whicb 
classified them as permeund or purelv fibromatous, I’crotav (1010) and Pick 
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and Bielscliowsky (1911) demonstiated that the neuiofibromatous nodule orig- 
Hiates from the sheath of Schivann, even if the laige fibromatous new giowth 
does not show any connection with the neural tissue and seems to be a purely 
fibious new grovdh Most authors since then have agreed with this explanation 
of the genesis of the varietj'' of new groivths mcluded under the designation neuro- 
fibromatosis von Recklmghausen (Lheimitt^ and Leroux, Siemens, Roussier and 
Coinil, Roussy and Obeiling, Corml, &ssel, Beau, and Alhez, Scherer) Even 
for the elephantiasic hyperplasia of the connective tissue of the skm the neuio- 
fibromatous etiology IS accepted, and it is of importance m connection vuth our 
later discussion of osteitis fibrosa cystica to note that cyst foimation also occurs 
m this elephantiasic skm fibroma (Cariiere, Huriez, Gervois, and Dupret 1938) 
These authois suggested leplacmg the name neurofibiomatosis vuth the designa- 
tion “ghofibiomatosis Recldmghausen ” Murray and Stout (1940) demon- 
strated by tissue cultuies of the normal neive sheath that Schwann cells can and 
do condition the formation of collagen Anthout the mtervention of fibroblasts 
The results of these expeiiments are not in confoimity vuth the opmion expressed 
bj'’ F B Mallory as well as that of Penfield, that collagen and reticulm can only 
be formed by cells of mesodeimal origin 

The extensive and excellent histological studies of P Masson (1942) finally 
offered definite histologic evidence that neurofibioma deiived from the Schwann 
symplasm of neurofibromatous fascicles, which acquiie autonomic fertility of 
blastomas He showed that "the adult schwannogha, normally stable m the 
full-grovTi nerve fibei, possesses a latent fertiht 3 ’-, in a Avay constitutional, ivhich 
may be stimulated into activity by any alteration of its associated neurite The 
eaily schwannogliomas appear as localized swellmgs of the neurofibromatous 
fascicles These swellings are made of the Schw’-anr strands of the fascicles, 
which grow lengthwise, become cylmdrical, undergo a longitudmal partitioning, 
and aie rolled cylmdrically around the primitive fascicular axis If this axis 
persists, the ball ma}’- become Amry large On section its elements appear as a 
lai ge whorl around a central 'point In the normal histogenesis of the nerve, the 
embij'-onic schwannogha builds up the nerve around the neurites In the 
legeneration of the adult nerim, the schwannogha regenerates the nerve with the 
neuiites In its aneuntic proliferations the schAA'annogha builds up neuroid 
stractures without neuiites In the encapsulated tumors, the schAiannogha 
builds up unequihbiated nerve stiuctures, poorly neurahsed and mostly aneuntic 
The fact that the neurofibiomas belong either to Recklmghausen’s disease or to 
Gombault-lNIollet’s disease, ^ both hereditai 3 --, favors then dysgenetic origm, and 
suggests a very early d 3 "sgenesis of the neural crests In the neurofibromas the 
imtial lesions conditioned by this dysgenesis are the alterations of the neurites, 
foUoAA^ed by schwannian prohferations Their fertility seems to be the one 
important constitutional feature of the schwmnnoghas In the scliAAmnnoghomas 
there is something more the schw'annoghal fertility appears as a new property 
It seems to be autonomous, blastomatous ” 

The fact that the sehw'annogha is able to build up puiely neurotised and even 

" Familial progrcssiv’e hypertrophic neuritis 
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entuclj aneuntic fibromatous tumors is of great importance in e\plaming the 
occurrence of puie fibromatous grov,-th in neurofibiomatosis uithout demon- 
strable nene tissue uithm the fibroma Gruber explains the aneuntic fibrous 
groMth in neuiofibromatosis as an “mduced groii-th ” The meaning of grouth 
by mducement and of Masson’s term “fertility” of the Schuann syncytium, 
whereby the nen'e fiber may disappear and may not be any longer demonstiable 
in the fibrous grouth, is identical This phenomenon is of especiallj" great 
significance m connection uath mterpietation of the pathogenesis of neuro- 
fibromatous gron-th m other organs than the cutaneous tissue It is understand- 
able that a neurofibiomatous grou th uill interfere uath the structuie of such an 
organ and nee lersa, i e , if an organ such as an osseus structuie undoigocs a 
constant ana- and katabohsm of its mmeral components, it may be expected that 
the histological pattern of the fibromatous growth mil be interuoien with the 
features of regeneration and resorption of the bony structure The distuibance 
of bone formation and resorption maj even be so gieat that the fibromatous 
involvement of various parts of the skeleton mav erroneously be considcicd as a 
primary bone disease Such possibilities wall be considered m the discussion of 
neurofibromatous involvement of the skeleton and osteitis fibrosa cystica dis- 
seminata 

Summary The inv ostigations of Masson hav e demonstrated that fibromas in 
neurofibromatosis may no longer show their dcnvation from the sohvvannoglm by 
the presence of nene tissue withm the fibiomatous masses The lack of nerve 
tissue in fibromatous masses theiefore docs not disprove then neuiofibromalous 
ongin The finding of aneuntic fibromas m other organs than the skin, together 
with neurofibromatous involvement of the skm, is highly suggestive of a common 
histogenesis for the tu o features Whoils of spmdle colls, if present in the fibrous 
tissue, indicate the neurofibromatous origin of the inv olv ement 

II THE SIGNIFICANCr OF riGJIENTED AHEAS (tACHES DU CAFfi AU LAIT OR CE- 
OGRARHICVL VtAP-MKE nnOWN BLOTCHrs) IN TUB DIAGNOSIS OF NEOROnBRO- 

JIATOSIS 

Brovvai blotches, “taches du coulcur, cafe au lait,” or deep "brunatre,” and 
large areas of pigmentation are the most common foatuies of neurofibromatosis 
Recklinghausen Chauffard (ISDO), Weber (1000), Stalmann (1933), and also 
Siemens (1920) reported their occurrence in almost 100 per cent of their ncuro- 
fibromatous cases Pigment anomalies may' appear as small round spots, 
ellipsoid brown spots, or irregular but sharply contoured indented plaques of 
deep brovvai or caffi au lait coloration The area involved may range from the 
size of a pea to largo regions of pigmentation with sharp borders The pig- 
mented spots are usuallv not congenital and may develop m childhood or later 
life 

The sharp borders of the pigmented areas in neurofibromatosis contrast, ac- 
cording to Siemens, to the fuzzy contours of pigmented blotches, the so-called 

nneva spili ’ The latter are usually congenital and are not a sign of neurofi- 
bromatosis A fen single V crrucous naevi may bo present in neurofibromatosis, 
but they arc not a chnmctcnstic feature of the disease ^ 
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Histological examination of caf6 an lait or deep bioim pigmented spots slioiis 
the pigment to be located in the basal layeis of the epidermis as true melanm, as 
m the skin in Addison’s disease The mcreased pigmentation m both instances 
IS brought forth bj’- the same medium, namely the nerve tissue, the cause, how- 
ever, IS diffeient In Addison’s disease it is the deficiency of a hormonal agent 
which noimally balances the melanm production of the epidermis via cutaneous 
nerves In neurofibromatosis it is a localized anatomical anomaly m the cutane- 
ous nerve itself pi educing the mciease of melanm m the epidermis 

The caf6 au lait spot is, accoidmg to Stalmann, the fiist leaction of the skin 
to structuial changes of the finest subcutaneous neive-endmgs chaiacteristic 
of Recklinghausen’s disease The finest branches of the subcutaneous nerves 
show thickenmg and clubbed expansion of the fibeis Often an mcrease of 
fibious tissue around oi m the couise of the neives vnll be visible under the 
microscope The mcrease of the fibious tissue may lead to encapsulated solid 
fibious masses which adheie tangentially to the nei ve, oi there may be no relation 
at all of the fibrous giowth to the neive tissue itself Sometimes an mgrowth of 
a single neive fibei or lests of atiophic demyehnated fibers are micioscopically 
demonstrable between the fibious tissue The mtimate relationship of deep 
bioivn pigmented blotches to the structuial changes of the underljung sub- 
cutaneous nerves is most conspicuous m cases of plexiform neuromas The 
ramified veimiform fibrous tumois of the subcutaneous nerves are often 
diiectly connected vith pigmented blotches of the overl 3 nng skm (Stalmann, 
Caiii^re and Huiiez, Gruber) In cases of osteitis fibiosa cystica disseminata 
m which the osseous system is involved on only one side of the bodj’-, the brown 
spots are found frequently on the skm of that same side This phenomenon 
gives weight to the assumption that both features, browm spots and osseous 
fibroma, are connected by a common pathogenetic principle, i e neurofibroma- 
tosis. 

The pigmented spots may be the onlj'^ manifestation of neuiofibromatosis In 
such cases, the so-called “forme fraste,” the piesenceof the caf6 au lait spots is 
sufficient for the diagnosis of neuiofibiomatosis m the teimmal filaments of the 
subcutaneous neives (Weber, Wise and Ellen, Leadei and Grand) Where caf4 
au lait spots are found one should seaicli foi ludden involvement of other organs, 
especially for lesions of the bone 

Summary Pigmented aieas of slun vath shaip boideis (caf6 au lait spots oi 
geographical map-hke brown blotches) aie the result of stiuctural changes of the 
undei bong smallest slan nei ves The term “forme fniste” is used foi cases where 
the pigmented aieas aie the onb' visible manifestations of neuiofibiomatosis 
Pigmented blotches of the caf€ au lait or geogiaplucal map-hke variety aie as 
much an mdication of neurofibromatosis as the cutaneous neurofibromatoiis 
nodule itself 

III FIBROCYSTIC BONE LESIONS IN NEUROFIBROALITOSIS 

The French school (Canifere, Huriez, Gervois, Dupiet) considers neurofi- 
bromatosis of Recklinghausen to be a clinical simdrome which may manifest 
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Itself m dilTereiit organs simultaneously or uhich maj occur onb m one or 
another organ of the bod 5 Thej distingtiish between 

(1) A cutaneous, svndrome with tumor formation and pigmentation (un 
stmdrome cutanfi, tumoral et pigmentan-e) 

(2) A ncia, ous st stem s\mdi ome im ohang the brain or the peripheral non es 
(sjaidrome nen eu\, central et pfinphdnque) 

(3) \ \isceral s> 7 idromc with and wathout tumor formation, and wath 
giantism of the intestinal oigans (staidrome tumero-i iscfiral) 

(4) iVn osseous staidiome (syndrome osseuv), including pseudarthrosis in 
childhood, kyphoscoliosis, giantism of one bone, periosteal lesions, fibroma and 
cyst formation of bone 

(5) An endocnne sjaidiome (sjaidrome endocrmien) 

Our present purpose is to discuss the possibihtj of an etiological relationship 
between the fibrocystic lesions of the bone occurring in Recklinghausen’s neuro- 
fibromatosis and the enormous fibrocystic masses replacing the trabecular tissue 
of the bone in osteitis fibrosa cystica localisata and disseminata, also desciibod 
by Rccklmghausen For this purpose we wash to restnet the scope of the dis- 
cussion to one part of the osseous syndrome in neurofibromatosis, namely to the 
fibrocystic manifestations in the skeleton 
Recklinghausen himself was not aivarc that fibioma wath cysts may also occur 
in the bones in the disordei which he designated as neurofibromatosis Bone 
oy sts m the long bones hav e been described in the hberature for many j ears It 
IS not stirpnsing that most of those observations have been recorded m the sur- 
gical literature, because such patients come under obsen'ation of surgeons for 
fractures and coraplamts of their static and locomotor facilities It is, how e\ er, 
astonishing that these so-called cysts, which even in the earliest observations 
were found to be no real evsts but fibiomas vnth secondaij' cyst formation, were 
not lecogmzed as related to neurofibromatosis 
The appearance of single bone cv sts of the large bones m Recklinghausen’s 
neurofibromatosis was first demonstrated by Brooks and Lehman In their 
important paper it was shown that the bone cysts in Recklinghausen’s disease 
are not only of cortical or subperiosteal location, but they are also found in the 
trabeculated areas of the long bones Case I of these authors had neurofibroma 
and pigmented areas of the skin, and bone changes consisting of subperiosteal 
cv St s as w ell as isolated cj sts in the long bones The ev idcnce of the occu rrcnce 
of both varieties of bone cv sts in one patient is of particular interest because it 
IS claimed in the roentgenologic literature that only the siibpoiiostcal cysts are 
characteristic of Recklinghausen’s neurofibromatosis Many observ ers (Fliegcl, 
Stalinann, Lehman, Leader and Grand) have shown that in Bccklmghauscn’s 
neurofibromatosis fibromatons cysts of different locations occur, varying from 
central and periosteal cysts to pedunculated and subperiosteal fibromas It 
seems that the finding of one or ■•ev eral isolated bone cj sts is as suggcstiv e of the 
CMstence of Recklinghausen’s neurofibromatosis as the presence of an isolated 
neurofibroma of the skin or of one or more cafC an lait spots 

Adrian (1901) and even before him Koenigsdorf, Mane, Iloisnard, and Haus- 
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halter mentioned that the bony changes in neurofibromatosis may result in 
softenmg of the bone Fhegel (1925) describes bone changes m neurofibiomato- 
sis consisting of cystic as well as fibrous malacic opacities of the skeleton He 
suggests that bone changes in neurofibromatosis and osteitis fibrosa may be 
connected bj’- similar etiolog 5 \ Indeed, the chmcal featuies of Recklmghausen’s 
neurofibiomatosis and localized and dissemmated osteitis fibrosa cystica may be 
so similar that cases described m the hterature as Recklmghausen’s neurofibro- 
matosis mth bone changes could also have been pubhshed as osteitis fibrosa 
cystica (Gould, Cases 1 and 4, Stalmann, Cases 2, 3, 4, 23, 27, Ashton, TJhlmann 
and Grassmann, Merklen and Israel) And conversel}'’, cases descnbed as 
osteitis fibrosa cystica could be called neuiofibromatosis Reckhnghausen with 
bone changes (Maiiante and Maciel, Cohen and Douady), because m these 
instances pigmentation, caf4 au lait spots, or geographical map-like brownish 
pigmented areas occurred as well as cutaneous neurofibromata 

This similaiity of chmcal symptomatology makes it seem possible that both 
diseases have been confused m the hteratuie In Section V will be discussed 
whether both diseases are not m leahty based on the same pathogenetic prmciple, 
neurofibromatosis with fibrous bone cysts being a milder manifestation and 
osteitis fibrosa cj’^stiea dissemmata bemg the most extensive form of the same 
condition 

On x-ray examination of the so-called cysts, an area of lesser density of the 
bone IS seen, very often oval-shaped, oi else conglomerated small areas of lesser 
density givmg the impression of a loculated multicameral cyst Sometimes the 
density of the surroundmg area of the bone gives the impression of a bony shell, 
especially m the cysts which are found m the subperiosteal space Roughening 
and irregularities of the penosteum are sometimes observed m the same case 
Expansion of the coi tex overljong the area of lesser density may or may not be 
evident, accoidmg to the location of the process 

Only a few histological examinations of fibioc 3 'stic bones have been reported 
(Brooks and Lehman, Turnbull, Uhhnann and Grassmann) The structure of 
such cyst-hke foimations of the bone varies Fibrous tissue prevails, but osseous 
or even cartilagenous elements are also found In smaller areas cj'’stiG softening 
may be present The area of lesser density of the bones obsen^ed in x-iay 
pictures IS mamlj’’ due to leplacement of the bonj'’ structuies by fibrous tissue and 
to a lesser extent to real cyst formation The cellular elements consist of small, 
slender, spmdle cells, often m a pahsade effect with the nuclei arianged in parallel 
and longitudmal rows It must be emphasized that real nerve structures aie not 
found in the bone fibroma m Recklinghausen’s neurofibromatosis The mam 
charactenstic, however, of such fibious tissue seems to be the "whorl of cells” 
(Uhlmann and Grassmann) dispersed m fibrous tissue These "whorls of cells” 
are, accordmg to Masson, most charactenstic of neurofibroma In the beginning 
the whorls develop around a mj'elinated fibei The nerve fiber, houevei, disap- 
pears in later stages and only the u horls of spmdle cells remam On the basis of 
this conception, the "whorl of cells” or the "turbillions” of cells are the hallmaiks 
of neurofibromatosis, suggesting its neive origm Even if only fibrous tissue 
remains, a whorl ariangement of cells signifies the origmal presence of schvan- 
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noglial fascicles from nhich the fibrous tumor ongmated, or -nas induced, as 
Gruber expressed it 

The pathological process of bone inxoKement is not stationarj' and quiescent, 
more extensive tissue changes occur The shaft of the bone maj’ become soft 
and pUstic, or boivuig and spontaneous fractures of the bone mas result The 
growing fibrous tissue maj locally expand the bone until onlv a fine shell of bonj 
cortex remams Tlie fibrous tissue itself maj’’ undergo a collagenous or myxoma- 
tous change with, occasional^, true cjst formation containing a brownish fluid 
as a result of bleedmg withm the growth 
Summary Fibrocvstic involvement of localired aieas of the skeleton, espe- 
ciallj of the long bones but also of other portions, occurs in neurofibromatosis 
together vnth caK an lait spots and cutaneous neurofibromas Osseous fibromata 

are not onlj found as so-called “subperiosteal cjsts,” but also as fibromata 
located m the trabeculatcd spaces of the long bones The microscopic examina- 
tion of the osseous fibroma docs not reveal ncrv’e structures vvathm the fibroma, 
but whorls of spmdle cells are m some areas found as “hallmarks” of its ncuro- 
fibromatoiis ongm 

Cases lUxislrahng Neurofibromatosis, Cafe au Lmt Spots and Small Fibro- 
cyslic Bone Lesions Case I S S (No 3173) entered the Joseph H Pratt 
Diagnostic Hospital (unit of the New England Medical Center) m Februao’’, 
1937 The patient was a mentally baeknaid boy of eighteen years, and the 
historj’’ M as largely obtamed from his eldest brother He was bom normally but 
uas underu eight as an mfaiit There was no abnormality m caily development 
except for the fact that he was aluavs mentallv retnided His mother stated 
that he was meek, truthful, and obedient At the age of eighteen he was still 
treated as a child 

In 1935, Ills testicles were descended opcrativ'cly, but thej did not remain in 
the scrotum Antuitnn-S was given wathout effect It was learned that both 
his mother and a sister had areas of skm pigmentation and definite evudence of 
neurofibromatosis 

On admission he was rather obese, weighing 102 pounds with a height of 4 feet 
8 inches lie gave the appearance of a ten-j car-old mentally retarded child 
Theie was no axillarj or pubic hair The subcutaneous fat was considerably 
increased, the mammae defimtel} overdeveloped The sicm was dij Nu- 
merous cafd au lait spots w ere scattered ov'cr the body On the back of the head 
m the occipital region there were small subcutaneous nodules, two on each side 
of the occipital region were movable under the skm and later wore proved his- 
tologicallv to bo nciirofibromntous nodules Tlie pupils reacted to light and on 
accommodation The ejo grounds showed pale disks The vessels were tor- 
tuous, cspociallv on the right side Visual fields were normal, eje movements 
normal The teeth vierc m good condition The thjwoid was not felt, no 
cervical glands Lungs and heart were negative Blood pressure 103/85 
Tlie hirr and spleen were not enlarged No masses were felt m the abdomen 
The penis vv as vmderdev eloped, the scrotum v on small and emptj The testicles 
could not lie felt m the region of the annulus ingumahs Neurological findings 
were negative except for fundus changes 
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Laboiatoiy findings basal metabobsm rate -12%, blood tests normal, blood 
sedimentation rate 43 mm m an hour, calcium 11 mgm %, phosphoius 1 36 
mgm %, total cholesterol 200 mgm %, seiologj^ negative Blood sugar tol- 
erance curve flat, maximum 123 

X-ray findmgs x-ray of the skull showed a general mcrease of mtra-cramal 
pressuie The flooi of the sella was flattened and the posterioi clmoids decalci- 
fied The lower end of the left femui showed an oval-shaped area of mcreased 
radiance the size of a half dollai , cj^st-hke m appearance The uppei end of the 
nght fibula also had an area the size of a dime of mcreased ladiance The entire 
skeleton was not decalcified The findmgs were suggestive of suprasellar cyst 
Fmal diagnosis Xeurofibromatosis Recklinghausen, supiasellai cyst, bone 
cysts m the femui and fibula, hypogonadism 

Case II E S (No 8847), a 15-year-old female student, was refeired to the 
Joseph H Piatt Diagnostic Hospital m April, 1942, because of leanness She 
had stopped eating noimally about two j'^ears before entry Shoitly after hei 
change m diet her menstraal peiiods, winch had been ii regular, stopped com- 
pletely and did not reappeai Hei weight diopped fiom 115 pounds to 74 pounds 
on admission Duimg the weight loss she developed fatiguability and her 
breasts shrank She became listless and lemamed indoois Hei teeth decayed 
considerably but no tooth broke spontaneously She stated that she was afraid 
to eat foi fear of becoming too fat Hei family stated that she had become veiy 
antagonistic 

Physical findings The patient was a sciawn}'^, emaciated gnl with a pigmented 
spot beneath her light eye The hair of the scalp n as normal in texture, axillaiy 
and pubic haii was absent There was also a pigmented spot on the dorsum of 
the fouith left fingei She said that this particular spot had appeared lecentl}’^ 
On seveial places ovei the body theie weie caf6 au lait spots, but no cutaneous 
fibroma Pupils reacted to light and accommodation The optic fundi weie 
normal There was no adenopathy The thyroid gland could not be felt 
Lungs vesicular breathing, no rales The heart was small in size Pulse 72 
Reflexes normal 

Laboratory findings Calcium 9 6 mgm %, phosphoms 3 5 mgm %, phos- 
phatase 2 Bodanskj^ units Glucose tolerance test flat curve, highest hevel 124 
Fasting blood sugar 75% Blood sedimentation i ate 5 mm in one hour Basal 
metabolism late —42% Electrocaidiogram normal 
X-ra 3 ’' exammation showed an oblong rarefied aiea in the shaft of the lowei 
end of the left tibia This cyst-hke area did not show peiiosteal oiigm Diag- 
nosis longitudmal bone cj’^st of the left tibia 

Chnical diagnosis Anorexia nervosa, Recklmghausen’s neurofibromatosis 
(forme fiuste) with one bone cj^st in the tibia 

IV HYPERPARATHTROIDISM VUTH GENERALIZED DECALCIFICATION AND FIBRO- 
CX'STIC LESIONS OP THE SKELETON, AND OSTEITIS FIBROS X CYSTICA DISSEMINAT V 
TWO DIFFERENT CLINICAL AND PATHOGENIC ENTITIES 

Ilyperjunction of the Parathyroid as a Pathogenic Factor Since the successful 
extiipation by F Mandl in 1926 of a parathjwoid adenoma m a case of Reckling- 
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hausen’s osteitis fibrosa cjstica, this terra has been used in the hterature as 
synonymous ivith liyperparathvroidism Here an attempt ivill be made to 
shou whether or not this designation is justified 

A connection of the function of the hypeiparathjTOid with nialacic bone 
disease iias suggested early in this centun^ Enlargement usuallj’^ of one but 
sometimes of more parathj roid bodies has been found in osteomalacia (Erdheim 
1007, Maresoh 1910, Strauch 1922, and others), m senile osteopoiosis (Todyo 
1912), in human nckets (Pappenheimer and Minot 1921), in multiple myeloma 
(Ban and Bulger 1930, Softer and Ckihen 1943), m carcinomatous metastascs in 
the bones (Klemperer 1923, Soffer and Cohen 1943), m uremic conditions of 
kidney insufficiency (MacCallum 1905 and later many others), and in osteitis 
fibrosa cystica (ilskanazy 1904, Molineus 1913, Hsrbitz 1915, Schlangenhauser 
1915, Maresch 1916, Meier 1917, Sauer 1922, Hartinch 1922, Hanson mid 
Struthers 1923, Stenliolra 1924, and Hoffheinz 1925) 

Erdlieim believed the enlargement of the parathy roid to be a reactiv e hy^per- 
trophyi secondary to am kind of bone disease inth demineralization This 
opinion, based on the obsenations in cases of osteomalacia, nas shared more or 
less by the other authors desenbing enlargement of the parathyroids in bone 
diseases up to 192G In that y'car Mandl extirpated an adenomatous parathy- 
roid body m a case of osteitis fibrosa cy'stica, mth the result that the patient’s 
negatnc calcium balance disappeared, he gamed n eight and uas able to ualk 
After operation, the bones shouod increased density, but the deformation of the 
skeleton and cyst-hke struofures of the bones peisisted Later the patient 
again became worse, was bedridden, and died m 1933, after a second operation 
m which two parathyroids were remmed At autopsy no parathjTOid tissue 
could be found 

McCallum and Vocgtlin (1909), Hanson (1924), Colhp (1925), and Greenwald 
and Gross (1920), studying the physiologi of Die parathyroids, found that the 
parathyTOid bodies i cgulato the calcium metabolism Extirpation of one or more 
of these glands results in a low level of the serum calcium m sonim and lowers 
the lc\ el of serum phosphoiais (Robinson, Huffmann, and Burt 1927) Injection 
of parathyroid hoi mono (Colhp) simultaneously pioducas increased excretion of 
ealjium and phosphates in the urine, causing negatu c calcium balance (Grccn- 
waid and Gross) In experimental hyperparatinroidism, in addition to these 
metabolic changes, the trabecular sy stem of the entire skeleton as well as cortical 
paits are partly decalcified and replaced by fibrous tissue (laffe, Bodansky, and 
Blair) The stroma of the fibrous tissue docs not show any particular structure, 
hut cxtensii e osteoclastic activity is demonstrated by the pi’csenco of conglom- 
erations of oslcoclnsts (Thomson and Colhp, Turnbull, laffc) Hifforont opin- 
ions explaining the mechanism of parafhyToid action upon the t ilciuni mefabo- 
hsm do not agree (Albnght and coyyorkei-s, Neufcld and Colhp), but it may at 
least be said with certainty that yybereyer in expenniontal hyiierparathyroidism 
resorption of bony suhstanccs is obscryed, osteoclasts appear in great numlicrs 
O-tcoclastio actuity therefore seems to bo connected yiitli parathyroid actnity, 
01 cn if wc do not know the detailed meclinmsm of it A high Icy cl of scrum 
calcmny and depression of the ley el of scnim phosjilionis, together yiitli nogatne 
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calcium balances with mcreased urme-calcium output, are the metabohc symp- 
toms of hyperparathyroidism The histologic feature is an mcreased number of 
osteoclasts In addition to these basic features caused experimentally inth toxic 
doses of parathyroid extiact, deposition of calcium m other organs, especially m 
the kidneys, lungs, and gastromtestmal tract, may occur (Huepei, Jaffe, and 
coworkers) Smce discoveiy of the physiology of parathyroid function, hyper- 
calcemia and negative calcium balance have been searched for m cases where 
hyperfunction of the parathyroid was suspected Indeed, chemical anatysis of 
the serum for calcium and phosphorus and phosphatase activity, and calcium 
balance studies are now considered the prerequisite for the chmcal diagnosis of 
h 3 q)erparathyroidism 

The histology of the h 3 ^pei trophic oi adenomatous parathyroid gland has been 
descnbed by different authors, but most extensively by Castleman and Mallory 
In suiveying the cases of hypeiparathyroidism (hyperplasia or adenoma) 
reported in the hterature vrth different grades of demmerahzation of the skeleton 
and fibrosis, two theoiies are found (1) that only those fibrocystic bone changes 
which display simultaneously high serum calcium and evidence of negative 
calcium balance are a result of hyperparathyroidism, and (2) the theory that 
hyperparathyroidism is the only etiological factor m osteitis fibiosa cystica 
Reckhnghausen As lecently as 1943, 1 Snappei wrote m his book, “Medical 
Clmics on Bone Diseases,” that “The ongmal name of ‘generalized fibrocj^stic 
osteitis’ which was given bj^ Recldmghausen himself is therefoie not altogether 
correct As a hyperfunctionmg paiathjnoid adenoma is always piesent, accord- 
mg to piesent knowledge, the name hyperparathyroidism is more appropriate ” 
The first of the above two theoiies, that high serum calcium and negative 
calcium balance aie the sjnnptoms of hypeifunction of one or more paiathjToid 
bodies, has proved m all cases to be in confoirmty with the operative or post- 
mortem findmgs After extiipation of one hypertrophic parathyroid body, the 
serum calcium as well as the calcium balance become noimal The fibrocystic 
bone changes, howevei , do not disappear m all cases 

The second theorjq howevei, that hjqierparathyroidism is found m all cases 
of osteitis fibrosa cystica Reckhnghausen and is considered to be “the” etiology 
of this condition, does not conform ivith the facts observed m clmical an?l m 
post-mortem exammations Approximately 50 per cent of the cases diagnosed 
as osteitis fibrosa cystica display noimal serum calcium and normal calcium 
balance, and no histological signs (agglomeration of osteoclasts) are found (F 
Albright and cowoikeis. Falconer and Cope) On operation of such cases, the 
parathyroids are not found to be enlarged 

This disci epancj^ of the presence and absence of symptoms of hyperparathy- 
roidism in appaiently the same disease, osteitis fibrosa cj^stica Recklinghausen, 
certainly does not piove that “every case of Recklinghausen’s disease depends on 
hjqierpaiathjTOidism ” Theie are two possible explanations of the appaient 
discrepancy: (1) It may be that we are dealing with two etiologically different 
diseases, one due to some unlvnovm cause, the othei due to primary h 3 ’perpara- 
thyroidism (2) Or it may be but one disease, of unloiown ongm, which may or 
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may not be associated intb hyperparathyroidism The first idea, that tno 
etiologicallj different diseases are hidden under the commonly used designation 
“generalized osteitis fibrosa cystica,” is expressed bj Albnght and conorkers 
These authors suggest the term “osteitis fibrosa cj stica dissemmata” for a chmcal 
entity of unknown ongm -nhicb is characterized bj disseminated spotty mvolve- 
ment of the skeleton, normal serum calcium values, normal calcium balances, and 
pigmented areas of the skm The designation “osteitis fibrosa cj stica general- 
isata” should be reserved foi a hormonal disorder oecurrmg m hyperparathy- 
roidism with high scrum calcium, negative calcium balance, and with fibrocjstic 
bone miolvement Thej correctly postulate that anj disease due to hyper- 
secretion of the parathyroid hormone is bound to affect the entire skeleton, as 
noted m oxpenmental hj'perparathj'roidism 
The second possibihty, that ue are dealing with but one disease wluch may or 
may not be associated with hj pcrparathyroidism, ehmmatcs itself if n e analy ze 
the clinical sjanptoms and clinical course of these various patients exhibitmg 
mcrcased and normal scrum calcium x'alues and negative and normal calcium 
balances with fibrocystic bone changes It will then be evident that tiv o different 
clmical entities, both displajang fibrocystic bone manifestations, exist, and that 
they are readily distinguishable not only by their serum calcium levels and 
calcium balances but even by their outward appearance, their clmical symptoms, 
and by the course of the disease 

Symptomatology oj Hyperparathyroidism loith General Dccalcificahon and Pibro- 
cystic Bone Lesions Patients with this disease arc iisiiallj over 30, most fie- 
qucntly over 40 j ears old Pain is usually tlie first ej mptom The bone pain 
IS localized at first and latei spreads all over the skeleton Deformities of the 
skeleton occur relatively late in the course of the disease Shortening of the 
whole body develops, because of kyphosis and boinng of the legs The chest 
becomes barrel-shaped Grotesque defoimitics of the limbs rarely occur m the 
first stages Spontaneous fractures may happen after trauma The occipital 
part of the skull is not deformed and protniding X-ray pictures of the skeleton 
show generahzed decalcification and also some areas of cystic involvement, but 
rarely grotesque disfiguration The skin is never mv olv ed Areas of abnormal 
pigmentation are not observed The muscles are flabby' and weak Electiic 
imtability is decreased In the course of the disease progressiv'o gcneial weak- 
ness is the outstandmg symptom, and the patient becomes bedridden Some- 
times polyaina and iirmarv symptoms are early complaints Calcium phosphate 
stones and calcification of the kidney tissue arc found in many cases The occur- 
rence of calcium phosphate stones of the kidney may be observ'cd even earlier 
than the bone pains ns an initial sv mptom of hv pcrparathyroichsm IMcf astatic 
calcification has also been reported to occui rclativ cly early in the course of the 
disease ffena! insufficiency develops m the last stages and is frcquciitlv the 
cause of death, or the patients die m a condition of general marasmus Chemical 
features include high serum calcium, low or normal senim phosphonis, and high 
phosphatase (usually ahov o 10 Bodansky units) This definite clmical entity is 
revealed by patients described under various headings by Mnndl, Gold, liar- 
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mon, Shoir, McClellen, and Dubois, Bauer, Albright, and Aub, Barr and Bulger, 
Cases 1, 2, 3, Wilder, Snappei , Hunter and Turnbull, Ettmger and Magendantz’ 
Albiight, SuUcomtch, and Bloomberg, Compere 

Those cases of primaiy h3'-perpaiathyroidism and geneiahzed decalcification 
of the skeleton mth metastatic calcification of the kidney tissue which end in 
uremia should be distinguished fiom cases where primary kidney msufllciency 
pioduces reactive hyperfunction and enlargement of the parathyroids resulting 
in high serum calcium levels but simultaneous^'’ displaying high serum phos- 
phorus values (McCallum and Yoegthn, Balhn and Gershwin, Elsom, Wood, and 
Ravdm, Curtis and Feller) In similar cases Albright, Diake, and Sulkowitch 
describe fibiocystic bone changes and metastatic calcification, especially in- 
volvmg the tissue around the joints and producmg Monckeberg’s type of arterio- 
sclerosis 

Symptomatology of Osteitis Fibrosa Cystica Locahsata and Disseminata In 
contiast to the changes found in hyperpaiathyroidism, here the bone involvement 
starts in earty life, mainly m the fiist two decades The first S 5 Tnptom is not 
pain, but defoimity, which later develops into grotesque curvatuies, especially 
of the limbs but also of the spme The femora evliibit a characteristic lateral 
curvature starting at the hip and displaymg the shape of a boomerang (“shep- 
herd’s crook”) The tibia and fibula and the upper extremities, especially any 
of the fingeis, may also be disfiguied, but not to such a degree as the femui 
Frequently the occipital part of the skull has a cap-hke deformity due to an 
expansion by the fibrocj'stic involvement In manj' cases an epulis-like de- 
formity of the jaw has been described X-ray examination shows the mvolved 
bone to be grossly disfigured The shafts of the long bones are expanded, the 
coiticalis IS thinned out and often overgro’wn by fibiocj'stic masses The same 
fibiocystic lesions are disseminated over the skeleton, but a great part of the 
skeleton has normal structure and is not decalcified The skull in the x-ray 
picture reveals, besides the cystic mvolvement, many areas of hyperostotic 
densities like leontiasis osseum 

Spontaneous pam is not an eaity symptom For this reason, the patients arc 
able to work, even to exercise Pam occurs aftei trauma In the more ad- 
vanced cases spontaneous fractures are frequentty observed, they may even be 
the cause of discovery of the disease by the consulted phj^sician Caf6 au lait 
spots or blown pigmented aieas of the skin are present in most of the cases, 
obsei ved on the site of the ai eas of bone mvolvement In rai e instances fibromas 
of the skin aie also desciibed, occuinng simultaneously vnth the brovm spots 
Flabbiness of the muscles and abnormal mobility of the jomts or dimimshed 
electrical irritability are not piesent Metastatic calcifications do not occur 
The course of the disease is lathei slow The patients do not display symptoms 
of genei al cachexia and weakness oi of renal failuie Death occurs as a result of 
intereurrent diseases The chemical features are normal serum calcium, normal 
seium phosphonis, and slightlj' increased phosphatase Patients exhibiting the 
sj'mptomatolog 3 ' of osteitis fibiosa cj’stica dissemmata and locahsata are de- 
seabed undei vaiious headmgs by von Recklinghausen, Case'! 5 and 6, Loetsch. 
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Morton, Young and Coopennan, Beadfield, Hunter and Turnbull, page 209, 
Freund and Meffert, McCune, Albright, Butler, Hampton, and Smith, Coleman, 
Lange, Fahoner and Cope 

The great difference botneen the outnaid appeaiance of patients suffenng 
flora hyperparathyroidism \nth generalized decalcification and fibrooj stio lesions 
of the skeleton on one hand and osteitis fibrosa cystica disseminata on the other 
IS most impressively demonstrated bj compaiison of the classical photographs 
published by Flarmon, ShoiT, McClellan, and Dubois (page 217) Math Alorton 
(page 535) or the skeleton of KeclJinghausen’s onginal Case 6 Mith Jaffe’s 
photograph of a cadaver of a patient with hjiierparathyroidism 
These differences of the ohmeal sjanptomatologj demonstrate ns clearly as 
the differences in the chemical findings of calcium metabolism that the patho- 
genesis of osteitis fibrosa cystica Recklinghausen is not uniform Different 
pathogenic principles are apparentl} able to produce fibiocjstic bone changes 
similai in their gross appearance but distinguishable by their clmical dev elopment 
and bj their featuies of calcium metabolism Foi one gioup of fibrocystic bone 
lesions, its pathogenesis ns a result of hj perpaiathjToidism is ei ident For this 
reason, the designation of this clmical entity as “hyperparathyroidism Math gen- 
eralized decalcification and fibrocjstic lesions of the skeleton” seems more ap- 
propriate than “osteitis fibrosa cystica gcneralisata” (Albright and coMorkei’s) 
The term “osteitis fibrosa cjstica” should be reserved for the gioup designated 
b} Albnght and coiiorkers as osteitis fibrosa cystica locahsata and disseminata 
(mono-ostotic and polyostotic fibrous djsplasia of the bones (Lichtenstom and 
Jaffe)), smee the skeletal lesions of this group are the mam featuie of the dis- 
turbance 

Histology of Osteitis Fibrosa Cystica Localisala and Disseminata {RecUing- 
hausen) Accoidmg to Recklinghausen, Morton, Hunter and Turnbull, Freund 
and Meffert, Lichtenstein and Jaffe, and many others, the localized as Mell ns the 
disseminated tj pe of osteitis fibrosa cystica exhibit the same lustological featui e« 
In their important study entitled “Fibrous Dj splasia of Bone,” Lichtenstein and 
Jaffe investigated the histology of the disease The folloiimg discussion is 
ba'cd on their stud} , foi it is the most detailed histological analysis that has been 
published on the subject 

1 ibrous Tissue These authors repoitcd that “The iiiteiior of a given bone, 
yyhereyer it is affected, is occupied bj fibrous conncctne tissue, often yarjing 
from place to place in its detailed histological composition Specificall} , apart 
from the osseous and the cartihgcnoiis elements, the connectiyo tissue in some 
places or throughout, may^be rather celluhir, composed of immature, small spmdle 
cells 111 rather loose and m horled arrangement On the othei hand, in some pi ices 
or throughout, the conncctiye tissue ma} be ratlier poorly cellular and highly 
collagenous Furthcrmoie, in some areas it may apjjcar edematous or myxoma- 
tous, or even shou some cystic softening Altogether it Mould seem tint the 
spindly and rather ivliorlcd conncctiye tissue and that the collagenous, edema- 
tous, or myxomatous areas represent modifications of this Jnsir (,s,sue ” 

Though the conncctiye tissue on the whole tends to be rolativol} avascular. 
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one sometimes encounters sporadic fields dommated by enlarged and also en- 
gorged, thm-walled blood channels Surrounding them, one may also observe 
blood extravasations The presence of hemosidenn pigment m such aieas pomts 
to previous capillary hemorrhages which have been reabsorbed ” 

Nests of multmuclear giant cells may be related to resorption of blood ex- 
tiavasation Mallory pointed out many analogous mstances of the attraction of 
endothelial cells into a fibrous but cellular tissue which arises as a result of retro- 
grade processes (foreign body giant cells) Malloiy and also Barrie claim that 
the presence of such giant cells in a tumoi mvolvmg bone signifies only erosion 
or disintegration of bone substance Hemorrhages may occur m the fibrous and 
granulation tissue, which mcreases the number of foreign body giant cells Cyst 
foimation m the fibrous tissue maj’’ result from the retraction, collagemzation, 
and softening of the fibious connective tissue as well as from absorption of bleed- 
mg m such tissue Certainly the C3’’st formation is the secondary and not the 
primarj'' process of the disease 

Osseous Tissue The present iviiter does not believe that a metabolic or a 
genetic unbalance of ana- and katabohsm of the osseous tissue m the primary 
distuibance in osteitis fibrosa cystica dissemmata The new growth of fibrous 
tissue in bones lesults rathei m the leplacement and m secondary slow new for- 
mation of osseous tissue 

Lichtenstein and Jaffe describe the histological changes m the osseous tissue 
as follows “The connective tissue in the affected area is likely to present trabec- 
ulae of bone formed thiough metaplasia One finds little evidence of osteoclastic 
lesoiption of such tiabeculae, and whatever reconstiuction they undergo seems 
to pioceed very slovly Trabeculae of metaplastic fiber bone are of variable 
size and contoui They are ii regularly dispersed withm the fibrous tissue, not 
follmvmg any regular pattern, and their number and location seems to be deter- 
mined by the random distribution of the blood vessels m their immediate vi- 
cmity ” 

“Small islands of hiJ-ahne cartilage may be found embedded m the connective 
tissue in an occasional fibious dysplastic lesion, and apparently these islands, too, 
lesult from metaplasia In some mstances, however, they are laiger and more 
numerous and may even constitute a strikmg feature of the lesion ” 

The onl}’- pomt of difference to be found vnth Lichtenstem and Jaffe’s very 
complete description of the fibrotic groAvth in the osseous lesion is the question 
whether then opinion is correct that the occurrence of such a hyaline cartilage 
vnthin the fibrotic giovth is an integial part of the disease and not merely 
fortuitous, smce we also encountei such islands of h3mline cartilage in mflamma- 
toiy osteomyelitic processes 

Their description agrees m its mam pomts vith the histological anabasis of 
A H T. Eobb-Bmith Smith found that the cortical zone is much narroiver than 
that found in noi mal bone, but vnthm itself shows no abnormality In the severe 
cases, the cortical bone is tlunned out and may be replaced by fibrous tissue 
All observers agree that the changes in the bones are essentially a replacement 
of the fatty or cellular maiTOW by fibrous tissue vnth an alteiation of tlie bone 
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architecture New bone is formed of fibre bone by apposition E%udenco of new 
bone formation is seen m the presence of a broad layer of osteoblasts bejond the 
osteoid bone There is only a moderate amount of osteoclastic resorption, and 
no collections of osteoclasts are present 

Just the opposite is the case in the histological picture of hyperparath 3 'roidism 
ivith generalized decalcification and fibrocystic mv olvement of the entire skeleton 
Here the osteoclasts are prevalent Turnbull speaks of the appearance of 
‘‘osteoclastomas” Thomson and Collip eapress the opmion thjit the most 
acceptable theory of the action of the parathjToid is that it stimulates the osteo- 
clastic process 

Histologic Comparison of Osteitis Fibrosa Cystica Disseminata (Reel linghausen) 
with Hyperparathyroidism with Generalized Decalcificalion and Fibrocystic Lesions 
of the Bones At this point a comparison of the histology of osteitis fibrosa 
cystica disseminata with the histological features produced m osseous tissue by 
hyperparathyroidism may be indicated to demonstrate the difference of the 
histological pattern in both diseases 

The first to describe the histological features of hyperparathjTOidism were 
Dawson and Struthers, although these authors did not connect the adenoma 
found at autopsy m their case with the etiology of the case described under the 
title ‘‘Generalized Osteitis Fibrosa” (1922) Turnbull (1931) published the 
classical description of the histological pattern of bones obtained from biopsy 
material of cases whore adenomatous parathyroid bodies actually were removed 
by operation 

A hormonal disturbance as initiated by the hyperfunction of the paratliy roids 
or by injection of massive doses of parathjToid hoi mono results in a general 
metabolic disordei, which is bound to involve the entire skeleton In contrast, 
osteitis fibro«a cystica locahsata and disseminata, ns already indicated by the 
name, alters not all parts of the osseous system, but manifests itself m spotty 
lesions or m irregular larger areas scatleied about the skeleton The outst inding 
phenomenon of hyperparathyroidism produced bv hyperactivitv of the gland 
and by injection of the hormone (Jaffe and Bodansky , Turnbull, Johnson, Abeloff 
and Sobel, Rutishauser) is the lacunar resoiption of osseous substance resultmg 
in secondary' replacement with fibrous tissue In osteitis fibrosa cystica dis- 
seminata, however, the fibrous growth is the primary' and dominating feature 
The trabecular structures are replaced only in the areas involved The resorp- 
tion of osseous substance in osteitis fibrosa cystica disseminata is neither lacunar 
nor IS it a generalized process Demineralirntion is not found in the areas where 
the fibrous growth displaces and replaces the bony stnictiiics In hyperpara- 
tlivToidism we find subperiosteal dccalcification with subperiosteal replacement 
of the outer liycr of the corticahs by fibrous tissue In osteitis fibrosa cystica 
disseminata the bubporiosteal outer layers of the cortic ills are not involved 
(Falconer and Cope, Fig 21) The cortex is thinned from the inside, the thinned 
c-rtex becomes deformed and is Komctimc-s entirely' outgroini by' the fibrous 
growth (Lichtenstein and Jaffe, Fig 2, page 778) 

\ In hyperparathv'roidism, mimcrons osteoclasts, conglomerated or in layers 
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upon the osteoid zones, or osteoclastoma, i e nests of osteoclasts (Turnbull), are 
found Osteoblasts aie also numeious, but the osteoclasts chaiactenstically pie- 
vail Just the opposite is the case m osteitis fibiosa cystica dissemmata Here 
osteoclasts aie found only m small numbeis, often no osteoclastic activity at all 
bemg present, while osteoblasts are found in normal amounts (Robb-Smith, 
Albiight, Butler, Hampton and Smith, Father, Bennet) The finding of collec- 
tions of osteoclasts in hyperparathyioichsm is the most chaiacteiistic feature, 
enablmg us ,to distinguish histologically the two conditions under discussion 

Hj^erostotic phenomena are not present in clmical hyperpaiathyioidism In 
osteitis fibrosa C3''stica disseminata, in cases where the skull is extensivel}’’ m- 
volved, areas of hj'perostosis (osteoscleiosis) are found, sometimes simulating 
leontiasis ossium, mterchanged ivith areas of fibrocystic involvement (Morton, 
our oi\m case V) 

In regaid to the fibrous tissue, it must be realized that fibiosis m hyperpaia- 
thjuoidism IS the result of a metabolic disorder in which calcium is resorbed 
from osseous tissue, subsequently bemg leplaced by connective tissue In 
osteitis fibrosa cj'^stica dissemmata, the fibious grovdli is the primary cause of 
the replacement of the trabecular structure of the osseous tissue and of the naiiov 
spaces The fibiomatous growth, especially in the localized form of osteitis 
fi,biosa cystica, behaves not unlike plasmacytoma m multiple myeloma, oi xan- 
thoma m osseous x'anthomatosis, or Ewmg’s sarcoma, leplacmg osseous tissue 
and bone marrow -without any osteoclastic activity In the dissemmated form 
of osteitis fibrosa cystica the replacement of osseous tissue by fibromatous growth 
follows the same pattern but is more extensive and mde-spread The charac- 
teristic feature, hoivever, of this analogous reaction of the osseous tissue to 
foreign tissue elements is that the replacement of osseous tissue is not brought 
about by osteoclastic lesorption, but by larefication of the origmal osseous 
structures as a result and secondary to the ingrovdh of another kind of tissue 
m the osseous matter 

The structure of the fibrous tissue in hj’^peiparathyioidism is that of uniform 
connective tissue Collagen and fibrocjdes mth narrow spindle nuclei are usually 
not too common (Turnbull) In osteitis fibrosa cystica localisata and dissem- 
mata, collagen and spmdle cells are piedominant The fibiomatous tissue in 
areas m which the fibrous masses are not too gritty and rubbery, and as a conse- 
quence pool m cells, shovs a definite pattern such as palisade-hke structuies and 
whoi Is of numerous small spmdle cells The significance of the v hoi led arrange- 
ment of spmdle cells as regards the etiologj^ of the fibiomatous growth m osteitis 
fibiosa dissemmata m relation to the genesis of neurofibromatosis has alieady 
been discussed in the paiagiaph desciibmg the histology of this disease 

C3^st formation, together with occasional bleedmg in the cj'sts and m the 
fibrous tissue, may occur in hyperparathjTOidism as well as m osteitis C3^tica 
dissemmata It is not possible to distinguish these diseases by the presence or 
absence of C3"sts because the phenomenon is common to both conditions The 
cysts may originate m the vulnerabihty of the fibious tissue to strain or to exo- 
genous tiauma 
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Analysis of von RccUinghausen’s Original Cases At this point it \nll be of 
interest to analyze the ongmal cases of “fibrooser Ostitis” of Recklinghausen and 
to determine iihether the described patients nere cases of osteitis fibrosa cjstica 
dissemmata or cases of h)peiparatlijToidism mth geneiahzed decalcification 
and fibrocjstic lesions of the skeleton 

In Recklinghausen’s origmal article, “Die fibroese oder deformierende Ostitis, 
Osteomalacic und osteoplastische Carcmose,” ne find sivteen cases described 
four cases probablj of Paget’s disease, fii e cases of osteomalacia, four of osteo- 
plastic carcinomatosis, and three of a disease iihicli he reported as “osteitis 
fibiosa mth fibrous tumor and cjst formation ” These latter three cases, num- 
bered 5, 6, and 7, are considered to represent the clmical and anatomical features 
of Recklmghausen’s bone disease In Case 6 the total skeleton, famous since 
then, IS pictured The patient died in 1846, and the skeleton ivas given to the 
collection of the pathological mstitute of Strassburg, nhere Recklinghausen later 
found it He saj s that “the deformities of the bones are on the same areas and 
of tile same proportions as those m Case 5 The similant 3 ' of the defoimities 
m these tno cases is so great that I am justified in assuming that the findmgs 
inside of the bones arc also analogous ” In fact. Cases 5 and 0 show the out- 
standmg characteristics of the disease hater designated as “osteitis fibrosa cystica 
dissemmata ” The basilar part of the occipital bone is cap-like, distended, and 
“almost rectangular, cuned to the ascending part of this bone ” Almost all 
the bones show areas of tumor-hke expansion In both cases the femur exhibits 
the characteristic shape of a shepherd’s crook (boomerang), and the upper part 
of the shaft is three times as large as normal 
Iho clinical history of Case 5 reveals only that this 05-j ear-old woman died 
of pneumonia The bone deformities had apparently been present for a long 
time, and thej were not the reason for hospitalization The clinical histoiy of 
Case G, a 40-}'car-old woman, is not known Her skeleton is the classical example 
of the bone changes described later as osteitis fibrosa cjstica dissemmata 
Case 7 does not show the grotesque deformities of the bones or the tumor- 
hke expansion of the shafts of the fcmoia found in Cases 5 and 0, as mav be seen 
on comparison of the excellent colored drawings in the onginal article (Table I, 
Figure 2, and Table III, Figure 8) Instead, the femur in Case 7 is “curved 
irregularly , shortened, and flexible ” “One could artificially bring about severe 
disfiguration of the bones bv distortion of the limbs of the corpse ” (Compare 
the photograph of the cadaver of a woman with hyperparathy^roidism in laffe’s 
paper) Tumor-likc expansion of the shaft, as in Cases 5 and 0, is not present 
m Case 7, but the diaphyscs arc slightly thickened and expansion of the cortex, 
if present at all, inv olv cs only a localized small area (Table II, Figure 7, Fibula) 
The clinical history is iltogothcr difTcrent from that of Case 5 1 he disease Uc- 

vcloped when the patient was forty and revealed itself by spontaneous fricturcs 
anil development of intense pain in many bones The patient lost weight 
rajndlv and could not mov c his leg because of pain Ho died from cachexia one 
and a half years after the onset of the disease 
Jung, who reinv ostigatcd (1933) the ongmivl autopsy reports of Rccklinglniiscn 



124 


S J THANNHAXJSER 


m the files of the pathological institute of Strassburg, found the foUowmg state- 
ment on Case 7 “Above the left thyroid gland, a lymph gland, red-brovoi in 
color IS piesent ” Jung raises the question whether this l 3 Tnph gland might not 
have been a parath 3 T:oid adenoma According to the case lustory as well as the 
findmgs discussed above, J ung may well be right m this assumption In addition 
to the protocol of Case 7 m the onginal publication (1891), Jung found the 
protocol of an autopsy by Recklmghausen m 1901 of a case of “osteitis of the 
fibrocystic type ” On this case Recklinghausen’s statement reads, “At the right 
side of the mferior pole of the thyroid lobe a cj’-stic tumor the size of a nut, 4x3 
cm , IS found The tumor can be easilj’’ separated from the th 3 Toid and has a 
soft white capsule The tumor consists of a grayish-white tissue which contams 
cystic spaces filled vnth seromucous fluid ” The femur of this case, also pictured, 
shows pliability hke that of fibrous tissue (Jung, Figure 7, p 203), but no tumor- 
like fibrous overgrowth expandmg the shafts as seen m Cases 6 or 6 of Reckling- 
hausen’s original paper The chmcal histoiy of this case (1901) is reported with 
its anatomical findings by Recklinghausen in this book “Untersuchungen ueber 
Rachitis und Osteomalacic,” (1910, p 340) It is the history of a woman (Frau 
Michel), 33 years of age, with characteristic symptoms and the deathly couise of 
hyperparathyroidism with generahzed decalcification and fibrocystic bone 
changes It is mdeed possible that Case 7 of the ongmal paper, and it is evident 
that the case autopsied ten years after the original Recklmghausen publication, 
both represent primaiy hyperparathyioidism vath generalized decalcification 
and cystic bone lesions One is, however, not justified in assuming that hypei- 
parathyroidism was present m Cases 5 and 6, which are the first original eases 
Recklinghausen published as osteitis fibrosa cj'stica 

In the chapter on “Reckhnghausen’s Disease Hyperparathyroidism,” by 
Snapper, one may be led into such an assumption Snapper writes on page 9 
that “Jung has been able to consult the original autopsy reports, which von 
Recldinghausen VTote himself m Stiassburg aftei the autopsy on his first patients 
vath generahzed fibrocystic osteitis In these protocols the follovang passage is 
found ” There follows the report of Case 7 (1891), where Recklinghausen men- 
tions the presence of a reddish-brown lymph gland below the thyroid, and the 
leport of the second autopsy, wheie a cystic tumor attached to the thyioid was 
present In the report of Snappei of the “second autopsy” it is not mentioned 
that this was performed not on the patient lepoited m his fiist publication, but 
on a case which came to autopsy ten years later Even if the lemvestigation of 
Jung holds true as regards the suggestion of hyperpaiathyroidism in Case 7 and 
the other case m 1901, these are not “Recklinghausen’s first patients v ith gen- 
erahzed fibrocj^stic osteitis ” On the contrary, the name fibrous osteitis vith 
cyst foiraation was first desciibed (1891) m Cases 6 and 6, which were piobably 
not cases of hj’-perpaiathjTOidism but of “osteitis fibrosa cystica disseminata ” 

F Albright also expressed this opmion in a discussion of Komblum’s papei The 
quotation of Jung by Snapper may give the wiong impression, that the first 
patients described by Recklinghausen were “posthumously” indicated by Jung 
to have h 5 "perparathjT'oid tumois, thus justifjnng Snapper’s assumption as 
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expressed on page 33 that “Every case of Recklinghausen’s disease depends on 
hyperparathyroidism ” 

There is no reason to attach Recklinghausen’s name to the chnical and genetic 
entity of “hyperparathyroidism with general decalcification and fibrocystic bone 
lesions,” but there is good evidence, based on the pictures and the anatomical 
findings on Cases 5 and 6 of his origmal pubhcation, for connecting his name nith 
the entity “osteitis fibrosa cystica localisata and dissemmata ” 

Osleiits Ftbrosa Cysltca Dtsseminaia vnlh Secondary Reactive Hyperplasia of 
the Parathyroids It must be stated that m severe oases of osteitis fibrosa cystica 
disseminata, fluctuating calcium values observed m different time mtervals 
(slightly elevated mterchangmg mth normal serum calcium) arc occasionallj 
found (Priesel and Wagner, Pagniez, Phehet, and Fauvet, Lange) Tins may 
be interpreted as a secondary reactive hyperfunction of the parathyroid as it may 
occur in anj type of malacic bone involvement such as osteomalacia, osteoporosis, 
myeloma, or metastatic carcinomatosis of the skeleton (Erdhcim, Soffer and 
Cohen, Klemperer) Such occasional existence of slight elevation of srum 
calcium cannot be taken alone mthout other clinical evidence as proof of the 
presence of pnmarj hyporparath 5 rroidism 
Bcrblmger (1937) and Snapper (1943) reported oases, ivhich probably belong 
to this group of osteitis fibrosa cystica dissemmata ivith secondary reactive 
hyperplasia of the parathyroids Berblmgor’s case, designated as "generalized 
osteitis fibrosa Recklinghausen,” exhibited severe bone deformities during her 
11 hole life At the ago of 31, she was erroneously operated for a so-called sarcoma 
of the upper maxillary bone (tumor of the epulis type) She lived to the age of 
C4 , 11 hen a perforated appendix terminated her hfe The published photographs 
of her skeleton demonstrate the characteristic bone deformities of osteitis fibrosa 
cystica dissemmata At autopsy tivo slightly enlarged parathyroids iierc found, 
but no generalized docalcification of the skeleton was present 
The patient reported by Snapper in his book, “Bone Diseases” (p SO), under 
the heading “Parathyroid adenoma m a patient, 24 years of age, ivitli recurrent 
osteofibromas of the skull iiathout other bono manifestations,” suffered also from 
an epulis-likc tumor of the lower jaw (revealed by x-raj as a cystic tumor of the 
mandibula) No generalized docalcification of the skeleton was found Later, 
an additional tumor of the left superior maxillary bone developed Exoph- 
thalmos of the left eye Mas present The serum calcium was upper border 
normal (II 2-11 6), with normal serum phosphorus (3 0-3 75 gm ), normal phos- 
phatase, but increased calcium secretion in the urine (150-385 mgm ) mstcad 
of normal (100-150 mgm ) No mention is made of any kmd of pigmentation of 
the skin or mucous membranes of the mouth A resection of the entire upper 
maxallarj bone u as performed Histological examination rex ealed maiiv strains 
of fusiform tissue cells The fibrous tissue often surrounded masses of osteoid 
tissue Onlj a few giant cells were present, which, however, were abxajs m 
contact wath bone or osteoid tissue Tlie most probable diagnosis was osteo- 
fibroma At a second operation, an enlargement of one p irathyroid w as found 
(1 X 0 5 cm ) 
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Neither the chnical history and symptoros (bone pain, weakness and immo- 
bihty, progiessive couise, high serum calcium) nor the gross anatomical mani- 
festations (generalized decalcification), nor the histological findings (conglomera- 
tion of osteoclasts) characteristic of primary h3T3eiparathyroidism were present, 
but both cases exhibited the features considered as t3Tpical for osteitis fibrosa 
cystica (gross disfiguration of bones ■nuthout spontaneous pam and iwthout 
mcapacity to work, slow course not termmatmg m death from the disease) 
For this leason, one is not justified m assummg that the moderate hj^perplasia 
of the parathyroids of these patients was the primal y disturbance causing the 
disease It seems more likely that a secondaiy reactive hyperplasia of the 
parathj'^roids may have developed m these rare cases of osteitis fibrosa cj’’Stica 
dissemmata mthout causmg permanent or progiessive S3Tnptoms of hyper- 
parathju’oidism Analogous observations of secondary reactive hyperplasia of 
the parathyroids are reported m other malaeic bone diseases (osteomalacia, 
myeloma, metastatic carcinosis of the bones) 

Summary 1 The development of our knowledge of hyperparathyroidism 
and its evaluation as a pathogenic principle are discussed 

2 It IS demonstrated that the outward appearance, the clmical features, the 
clinical course, and the cause of death m h5^erparathyroidism with geneiahzed 
decalcification and fibroC3''stic lesions of the skeleton are entiiely different from 
corresponding features m osteitis fibrosa cystica localisata and disseminata 
Both diseases are heterogenous clinical entities 

3 Recklinghausen’s origmal cases are anal3’’zed The first two, described 
as fibrous osteitis (Cases 5 and 6), exhibit the features of osteitis fibrosa cystica 
disseminata Therefoie, the name of Recklinghausen should be connected with 
osteitis fibrosa cystica dissemmata and not with piimaiy hyperparathyroidism 

4 Analogous to observations on cases vuth diffuse malacic bone disease, sec- 
ondar3’- reactive hyperplasia of the paiath3’'ioids may also occur in rare mstances 
m osteitis fibrosa cystica dissemmata, but ivithout the progressive generahzed 
symptoms of pnmary hyperparath3TOidism 

Case of Hyperparathyroidism until Generalized Decalcification and Fibrocystic 
Lesions of the Bones Case III (previously’’ lepoited by Ettmger and Magen- 
dantz) J C (No 807), a 30-year-old male, was admitted to the ward of the 
Boston Dispensary (unit of the New England Medical Center) in March 1933 
For the past year and a half he had noticed pain m both legs which came on 
when he walked, when he was m bed there apparently was no pain, and only a 
little when on his feet during the day He had lost weight durmg the past t^\o 
3'ears, from 140 pounds to admission eight of 107 pounds He gradually had be- 
come so weak vuth the pam in his legs that he was unable to do any work He 
tired very easily, especially dunng the previous few months He had given up his 
heavy work as a carpenter a year before hospital entry He never had fever or 
cough On questioning it was learned that he had had slight polyuria and 
polyMipsia m 1931. Smce that time he had had to get up several times durmg 
the night A few weelcs before admission he stated he had had to urmate every 
three hours during the night He had never noticed blood or pus m the uime 
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Ph 3 'Sical Examination The general impression i\as that of a pale, emaciated, 
siok-looking man There xvas no edema No defoimities were noted on the 
legs, skull, or chest The bones, houever, were pamful on pressure The fundi 
uere normal The tongue was not remarkable Neck an indefinite pm-sized 
mass M as palpable along the medial inferior aspect of the left lobe of the thjToid 
Lungs vesicular breathing, no rales Heart normal m size, slight murmur at 
the apex Blood pressure 115/80 The lixer and spleen iiere not palpable 
Skeleton no signs of fracture, no exostoses, no clubbed fingers, tenderness of all 
long bones to touch Reflexes normal There iias no remarkable muscular 
hypotonia 

Laboratory Findings Histamme rcfiactive achloihydna of the stomach 
Many leukocytes in the fasting contents Stool specimen negative for blood 
Basal metabolism rate -G 3, hemoglobin 60%, wlute-cell count 6,100, erythrocytes 
3 2% Non-protem nitrogen 44 7 mgm %, calcium 16 9%, phosphorus 3 0 
mgm %, blood urea 18 1 mgm %, sodium chlonde 492 mgm % Urine clear, 
light j'cllou, slightly acid, specific gravity 1010, albumm shght trace, no 
Bence-Jones, manj' leukocytes, a fen red blood casts and hyaline casts The 
dilution and concentration test of the kidney rexcaled isostemina 
X-ray Findings The pelvis and lumbar spine shoved extensive osteoporosis 
mth areas suggestive of bcgmnmg cyst formation The slrull showed a mottled 
appearance due to small areas of decreased and increased density The calcium 
content of the skull seemed markedly decreased Apparently the lover ]av and 
all the bones of the face v ere inv olved m a decalcifying process Tlie rest of the 
long bones shoved the same findings m varying degrees The Ijdneys shoved 
innumerable areas of increased density, each about the size of a millet seed Ijmig 
in V edge-shaped forms, conforming to the outlines of the kidney pyramids 
There vas no evidence of calcification m the lungs 
Diagnosis Hyperparathyroidism with general dccalcification of tlie skeleton 
and cj Stic lesions of the skeleton Extensive calcification of the parenchyma of 
the kidneys 

Tlie patient vas transferred to the Massachusetts General Hospital At 
operation. Dr Churchill removed a bean-sized parathyroid adenoma from the 
left side of the neck The patient made a good recovery at first, but later died 
in a state of general marasmus Autopsj' findmgs vail be rcpoi ted by F Albright 
Cases llhislralmg Osleitis Inbrosa Cyslica Dtsscminala (JlccUinghauscn) 
Case IV G P (No 11-334), a 46-j'ear-old farmer entered the Joseph H Pratt 
Diagnostic Hospital in September, 1913, because of deformities of his lover limbs 
Past History At the age of six the deformities of both femora vero first 
noticed vhen he fractured his nght femur falling over a step At tvolvc he in- 
lured his right femur again and vas laid up vith tins for sexen wcolis He did 
not knov vhethcr there vas a definite fracture because no x-ray pictures were 
taken At bixtecn, ho tripped on a railroad track and fractured the right femur 
again He vas in bed for eight veeks and vas put in a splint At eighteen his 
nght thigh became svollcn for no apparent reason At nineteen he was taken 
to a hospital vhoro x-ray cxammation vas done and “a strange bone condition” 
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was found He stated that the physicians did not know very much about the 
nature of this condition A piece of bone was taken from the femur at the age of 
22 and his thigh was put m a sphnt In 1936, wlule steppmg over an obstacle 
approximatelj'’ one foot high, he fractured his right femur agam He fractured 
his light foiearm m 1941 Despite this contmuous story of fractures and the 
severe deforimties of his legs, he did his heavy work as a farmer There had 
been no spontaneous pam except on the places where he fractured his bones 
There had been no difficulty m urmation, no polydipsia or polyuria He reported 
that m 1919 he passed a few stones, but none had been passed smce 

Physical Examination The patient gave the impiession of a healthy man 
He had no complaints at the time of exammation Both of his legs were grotes- 
quely defoimed, the right one especially had the shape of a boomerang (shep- 
herd’s crook) The tibia on the right seemed to be thickened and grotesquely 
deformed The upper extremities and the skull did not show any visible de- 
formities Skm there was a small cafd au lait spot m the middle of the sacrum, 
the size of a smaU plum There was also a small cafd au lait spot on the upper 
right arm There were no fibromatous nodules on the skm and no abnormahties 
of the skm Head the frontal appearance seemed to be normal, but the trans- 
verse region of the occipital bone seemed to be bent upwards Eyes normal 
reaction to light and on accommodation, fundi normal, no chokmg Ears 
hearmg good Mouth no pigmentation of the mucous membiances Neck 
th5Toid not enlaiged, no masses palpable Chest somewhat deformed, vesicular 
breathing, no lales Heart normal m size, no definite murmur heard Re- 
flexes were noimal 

Laboiatory findmgs Urme specific gravity 1 023, a few led blood cells 
Blood chemistry calcium 11 3 mgm %, phosphonis 3 0 mgm %, phosphatase, 
7 4 Bodansky units Blood sedimentation rate 13 mm m one hour 

X-Raj*- Fmdmgs The pelvis and femora showed a fantastic change of bony 
structure The os ihi showed tremendous areas of cystic-appearmg bone The 
femora were extiemely deformed, showing marked changes of the angle of the 
neck of the femui ivith the head of the femur The femur was tluckened to 
about double its original wudth, markedly crooked, and also shoived numeious 
areas of mcreased radiance giiung the appearance of cj^sts Along the medial 
maigins, apparently ivhere stress and stram had required architectural changes, 
marked bonj'' scleiosmg had taken place In addition, there w^ere a few linear 
transparent areas visible along the shaft of the left femui which w^ere appaiently 
scars from osteotomies There -were several areas of patchy mci eased density 
wathm the bone Similai changes w^ere present m both low^er legs The left 
humeius was free from changes, the right shouted only slight changes The nbs 
W'ere essentially negative The aieas of bone wdiich iveie not involved showed 
no oiudence of decalcification 

Diagnosis Osteitis fibrosa cj'-stica disseminata (Recklmghausen) 

Case V S W (No 10-648), a 26-year-old smgle girl entered the Joseph H 
Pratt Diagnostic Hospital m May, 1943, because of non-painful swelling of her 
face and difficulties in gait In 1940 she had first noted the appearance of numer- 
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ous flat, Wad, non-pat7iful, ptgmmlcd areas of the lower lip Smilar-sited 
lesions, not over 6 mm in diameter but more brownish in color, were also seen on 
buccal mucosa and the hard and soft palate About this tune sbe occasionally 
felt a dull discomfort m her left thigh region It did not radiate doim the leg, 
around to the buttock, or up on the abdomen or gemtaha There was no swell- 
mg, redness, tenderness, or history of trauma Motion was not himted or pain- 
ful, but exercise such as danomg sometimes mcreased the discomfort In 1941 
she noticed the development of shortemng and defimte limitation of motion of 
the left leg She subsequently walked mth a pronounced bmp, but still enjoyed 
dancmg In Februaiy, 1943, pam developed m a left upper molar accompanied 
bj marked snelhng of the left face She stopped uorkmg at this time and one 
neek later sought dental aid at the Boston Dispensary, where incision and 
drainage of the affected area i\as carried out Tollowmg this she returned foi 
periodic dressings and treatment because of a “localized osteomyelitis of the 
jaw ” A more extcnsii e operation of her jau was advised, but she refused to 
have this earned out She thought that the mass on her jaw had become 
smaller The pam ceased m the course of tune and did not bother her There 
Here no associated visual disturbances There uas no general change of color 
of the skin and no famib history of sunilar disease u as knoim Her periods had 
been regular smee the age of thirteen Tliere uerc some complamts of painful 
menstruation on the first daj , but no irregularity She is at present (Octobci , 
1943) at uork agam and leads a normal bfo 
Phjsical Examination There was an asymmetry of the face shouing a ieon- 
tinc tjTie of face Math asj’mmotry particular^ on the left side, where there seemed 
to bo hypertrophy of the entire maxillary and frontal bones There was a slight 
exophthalmos of the left eye The asymmetry gave the head a deformed and 
and swollen appearance about the left side On the mucous membranes of the 
lips, hard palate, and gums were dark circumscribed jiigmentcd spots about 
1 X 1 cm in size The pigmentation was deep blackish-brown, similar to pig- 
mentation in Addison’s disease There were freckles oier the shoulders, but no 
further pigmentation of the skin Eyes pupils reacted to light and accommoda- 
tion, eye grounds were normal Nose there was no deviation of the septum, 
no perforations hlouth mula was not deviated, tongue showed no atrophy, 
many decayed teeth and old roots left, thcie was a scar fiom the old maxilla 
operation Neck a small nodule of the thyToid was felt on the upper polo, this 
definitely belonged to the thyroid There w as no generahzed lymphadenopathy 
Chest vesicular breathing, no rales Heart normal m size, regular Ihe 
liver and spleen were not enlarged The spine showed a slight kyphoscoliosis 
The left hip was tender to pressure and visibly deformed The loft femur 
^how ed considerable lateral deviation The left leg was shorter than the right 
Wiilo walking the patient waddled and the deformity of the femur became more 
clearly visible 


Labomtoiy Findmgs Unne specific gravity 1034, amber, cloudy, acid 
reaction, albumin sugar 0, sediment showed many mucous threads and 
squamous cells, some calcium ovalate crystals, rare led cells, and 8-10 leukocytes 
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per high power field, melanin test negative, numeious bacteiia Blood hemo- 
globin 93% (Sahh), led cell count 4,840,000, white cell count 13,000, color inde\ 
0 97, the red cells and platelets appealed noimal Chemistry calcium 118 
%) phosphorus 3 2 mgm %, phosphatase 5 1 Bodansky units Cholesterol 
total 179 mgm %, free 43 mgm %, esters 136 mgm,% Glucose tolerance 
fasting 123 mgm %, half hour 171 mgm %, one hour 180 mgm %, tvo hours 134 
mgm %, three hours 121 mgm % Basal m-etabolic rate +19% 

X-Ray Examination Chest Both diaphragms veie smooth in outline, vifii 
clear angles The lung fields were fiee fiom infiltration The heart was noimal 
in size and shape There seemed to be some stiuctural changes present m the 
coracoid process of the left scapula Abdomen No abnormality was noted m 
the region of the kidneys There were no calcium deposits about the kidneys 
Skeleton Several cyst-hke bone changes were present, involving chiefly the left 
half of the skeleton but also some of the bones on the light side The involved 
bones on the light were the uppei ramus of the right pubic bone and the uppei 
part of the right femur The change consisted of actual ballooning out of some 
of the bony structures owing to laige cystic areas which weie surrounded 
dense areas of bone sclerosis There was a fractuie with change of the axis of 
the neck of the left femui resultmg in maiked shortening of the left leg Left- 
sided changes were also present in the skull, involving the bones of the vault on 
the left, most markedly pronounced m the legion of the left antrum and the left 
upper jaw and left zygoma Heie the bone was densely sclerosed and the wall of 
the antrum was so extremely ballooned out at one place that one almost had the 
impression of complete destruction of the lower antrum wall on the left How- 
ever, on some of the films it was evident that this was probably more cystic 
thinning than actual destiuction 

Diagnosis Osteitis fibrosa cystica disseminata (Recklinghausen) 

V THE PATHOGENESIS OF OSTEITIS FIBROSA CYSTICA LOCALISATA 
ET DISSEMINATA. (rECKLINGHAUSEN) 

It IS the purpose of this section to demonstrate by collected evidence fiom the 
previous section and from the clinical and histological reports m the literature 
that the pathogenesis of osteitis fibrosa C 3 ^stica locahsata and disseminata is 
closely related to neurofibromatosis Recklmghausen and its osseous manifesta- 
tions In the first part of this section the clinical observations which contribute 
to the assumption of a common pathogenesis of osteitis fibrosa cystica dissemi- 
nata and neurofibromatosis aviU be reported, m the second pait, attention will be 
called to the histological features common to both conditions 

Simultaneous occurrence of nodular neurofibroma, pigmented areas (cafS au Jail 
spots) and osteitis fibrosa cystica disseminata in one patient Important evidence 
of a relationship between the two diseases would he m the finding of neurofibro- 
matosis, cafd au lait spots, and geographical map-like broiwi spots occurring 
simultaneously mth osteitis fibrosa cystica disseminata m the same patient, and 
on searching the literature such evidence may be found Gould describes two 
cases with generalized neurofibiomatosis of the skin, pigmented areas, and 
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neurofibromatous malacio involvement of the skeleton In Gould’s case 1 the 
femora, especially the left, aie mvolved, the pelvis and most of the bones arc 
severely deformed Case 4 exhibits fibromas and pigmented areas of the skin, 
but the bone mvolvement is less sev'eic Cohen and Douady discuss “Le 
coexistence de deux maladies de Recklmghausen chez un sujet ” Pagmez, 
Phehet, and Fauvet report a sev'ere case of osteitis fibrosa cystica disseminata 
with cafd au lait spots and two molluscous fibromas Manante and Maciel 
describe under the title “Doencas de Recklmghau»en e metabohsmo Calcico,” 
"un cas avec relation de deux maladies de Recklinghausen (osteite fibro-quistica 
e ncurofibromato'e "Y 

These observations of the conciiirence of cutaneous neurofibromas, cafd au lait 
spots, and osteitis fibrosa cystica m one patient have not been adequately appre- 
ciated m the literature This is the moie surpnsing smee there are other cases 
reported in the English, Amencan, and German literature which also exhibited 
the clinical syndrome of both distuibances, but which are reported under the 
title of neurofibromatosis with multiple osseous manifestations (Stalmann, 
Ashton, Merklcn and Israel, Uldmann and Grossmann) 

Stalmann, who published 35 cases of neurofibiomatosis with bone lesions, dis- 
cusses the presence of osteitis fibrosa cystica m Ca»es 2, 3, 4, 23, and 27 Uhl- 
mann and Grossmann’s Case 1 has the typical cpulis-likc involvement of the 
mandible which is described m quite a few cases of osteitis fibrosa cy stica dis'cmi- 
nata (Falconer and Cope, Albnght and coworkers, our cn=o V) Merklcn and 
Israel’s case, as w ell as that of Ashton, exhibited multiple, vci-y extensive foci of 
a fibrocystic nature in the long bones with “shepherd crooking’’ of the neck and 
head of the femur, and wide areas of fibrous cystic involvement occupying the 
width of the long bones fiom cortex to cortex, leavmg very little recognizable 
bony trabecular structure There is, therefore, little doubt that these cases of 
Ashton and Alerklen and Israel also belong to the gioiip which presents the 
features of Recklinghausen’s disease, neurofibromatosis, and osteitis fibiosa 
cystica This simultaneous occurrence m a number of cases of two diseases as 
rare as neurofibromatosis and osteitis fibrosa cystica is almost certainly not mere 
coincidence, but gives direct evidence of the coherence of the disturbance in 
question 

Ptgmcnled areas of the si m, cafe au hit spots, and brown blotches as evidence of 
cutaneous neurofibromatosis in osteitis fibrosa cystica Going one step further m 
cvalution of the diagnostic value of the cutaneous features of neurofibromatosis, 
many authors agree that cafe au lait spots and brown geographical map-hke 
blotccs alone, without cutaneous nodules, are sufficient evidence on which to 
base the diagnosis of nciiiofibromafosis (Thihiergc, Weber, Darner, Hoeck'dra, 
Txiader and Gland) (see Section II) The authoritative French dermatologist, 
Darner, wntes in his textbook “Hie pigmentations are of such charictenstit 
appearance that when thev arc the only features present, a diagnosis of the 

‘ Upon reading of the onginal nrticio in the Argentine Rndiol J , it is found that the case 
dc"crihed would be better designated ns ncuroribromatosia with bone cysts tlinn osteitis 
nbrosa cystica disseminata 
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disease (Recklinghausen’s neuiofibromatosis) is justifiable ” This opmion is 
fully supported by histological exanimation of the subcutaneous tissues under- 
neath the pigmented spots, as described m the first section of Stalmann’s aiticle 
“Most ends of the finest skin neives show thickening and club-hke expansion ” 
The histological characteristics of the affected nerve endmgs also conform vnth 
Masson’s recent histological investigation concerning the pathogenesis of neuro- 
fibromatosis 

If the pigmented spots aie thus accepted as signs and as definite evidence of 
the presence of cutaneous neurofibromatosis, their appearance m almost every 
case of osteitis fibrosa cystica dissemmata reported m the newei hteratuie (F 
Albright and cowoikers repoit five new and nine old cases from the literature. 
Falconer and Cope two new and 27 cases already published m the hteratuie) is 
of greatest significance m connectmg the pathogenesis of the two diseases 

The reason for onussion of mention of the brorni spots in the early literature 
concernmg osteitis fibrosa cj^stica ma}'- well be that these cases weie almost ex- 
clusively leported by suigeons, ivho were appaientlj'- not as much interested in 
the slon changes as in the osseous manifestations of the disease Foi example, 
the first American paper dealing extensively with a classical case of osteitis 
fibrosa cystica dissemmata, by the surgeon J J Morton, does not mention the 
piesence of pigmented aieas In the published photogiaph of the patient, how- 
ever, they are visible on the light side of the pelvis The contours of the pelvis 
and of the large curvatures of the femora of this patient are identical with the 
contouis of the corespondmg bones shorni m the pictuies of osteitis fibrosa 
cystica dissemmata recently published by Falconer and Cope These cases also 
display pigmented spots on the most mvolved parts 

Areas of pigmentation similar to those m Addison’s disease may even be found 
m the mucous membranes of the mouth and lips This rare t3’'pe of mucous 
membiane pigmentation may appear m cases wheie the bone mvolvement results 
m a large epulis foimation of the lower mandible (Oddo, our case V, Albright, 
personal commimication) The bone mvolvement of the mandible with pig- 
mentation of the mucous membranes of the mouth is also indicative of the close 
relation of the pigmented areas to the fibroc5'stic bone involvement One is led 
to the same conclusion by the observation that m umlateral cases of osteitis 
fibrosa cystica dissemmata, cafd au lait spots and pigmented areas aie confined 
to the side of bone mvolvement (Goldhammer, Borak and Doll) Since neurofi- 
bromatosis, hypei pigmented areas, and fibrocystic bone changes occur together, 
it seems justifiable to assume that even without the appearance of neurofibroma- 
tous nodules, the hyperpigmented areas, bemg the expression of underlymg 
neurofibromatosis and often the sign of simultaneous fibroc5^stic bone changes, 
are sufficient evidence of the concurrence of both conditions, neurofibromatosis 
and osteitis fibrosa cj’-stica dissemmata 

Histological features common to bone fibroma in neurofibromatosis and to the 
fibromatous giowth of osteitis fibrosa cystica In both bone lesions fibrous tissue 
prevails The osseous and cartilagenous elements found m the fibrous growth 
result partly from displacement of osseous tissue by the fibromatous grovdh and 
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partly from slon new formation of bone The fibiomatous gronth m both 
instances take place m osseous tissue and is closely interwoven with the inde- 
pendent ana- and katabolism of this tissue Thoie is, howeier, neither in the 
small fibroma nor m the most extensive fibromatous growth of osteitis fibrosa 
cystica disseminata, any sign of primary bone disease manifesting itself by 
osteoclastic bone resorption (osteoclastomas) or by abnormally mcreased new 
formation of bone In both instances only a few osteoclasts and a normal 
amount of osteoblasts aie demonstrable m the histological specimen Those 
features indicate that m both mstanccs the mgiowang fibrous tissue is the primaiy 
cause of the bone lesions and not the result of a primary' metabolic or anatomical 
disorder of the osseous tissue 

The fibrous tissue has m the bone fibroma as well as m the fibrous masses of 
osteitis fibrosa eystica the tendency to undergo a collagenous or myxomatous 
change Cyst formation may occur not only in osteitis fibrosa cystica dissemi- 
nata, it IS also found to a smaller extent in isolated bone fibroma The same, 
only on a smaller scale, holds true for the presence of hemosiderin deposits as a 
result of an occasional bleedmg into the fibroma and for the formation of foreign 
body giant cells 

In the fibrocystic bone lesions m neurofibromatosis and in the extensive 
fibrocystic masses in osteitis fibrosa cystica no nerve tissue is foimd The 
absence of nerv e elements m the fibrous masses of osteitis fibrosa cy stica may be 
held up as the mam argument agamst the theory of its neurofibromatous origin 
Such an objection is not justified, however, since in the bone fibroma of neuro- 
fibromatosis nerve elements arc also not dcmonstiable The absence of nerve 
tissue may ev en be noted in cutaneous neurofibroma This phenomenon caused 
Mane and also Cliaulfard to suggest as caily as 189C, changmg the name of 
neurofibromatosis to “fibromatose pigmcntaire” (sec page 107) The absence 
of nen e elements m a fibromatous gi ow th cannot be used as an argument against 
its neurofibromatous origin, however, since Masson (see page 109) has demon- 
strated that the nerve structure, the schwannoghal lineage, which caused the 
fibromatous growth may disappear, leaving the fibioma “aneiiiitio ” Masson 
called attention to the “whoils” of spindle cells occiirnng in some areas of these 
aneuritic fibiomas Such whorl formation suggests that m the center of a whorl 
a nerve fibre has been present whose schwannoghal elements mduced the fibrous 
growth The whorl of the cell remained, but the nerve fibre in its center has 
disapiicarcd Such whorl formation of spindle cells is observed in neurofi- 
bromatous nodules as vv ell as in bone fibroma and in some areas of fibrous masses 
m osteitis fibro'^a cystica (compare histological reproductions in Carrifcre md 
Hunez, picture 20, p 91 with Uhlmann and Grossmann, p 229), also Lichten- 
stein and Jaffc, Fig 3\, p 7SS) The whorls of spindle cells arc the halhnarks 
of neurofibromatosis IF/icrc tchorhng is found m strains of fibrous tissue in a 
fibromatous grouth its neurofibromatous origin ts suggested For this reason their 
presence in the fibromatous tissue of osteitis fibrosa cystica gives, in addition 
to ^c clinical findmgs discussed abov e, further histological confirmation of the 
pathogenetic relation of osteitis fibrosa cyostica dLsseminata to neurofibromatosis. 
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both first described by von Recklinghausen The small jibrocyshc lesion of a 
single bone occasionally found in neurofibromatosis and the enormous tumoi-likc 
fibrous growth m severe cases of osteitis fibrosa cystica disseminata may be analogous 
as regards size and extension to a small cutaneous fibroma and the disfiguring 
fibrocystic grows known as elephantiasis neurofibromaiosa 

Summary 1 Cases of simultaneous occurrence of nodulai cutaneous neuiofi- 
bioma, pigmented areas (caf6 au lait spots), and osteitis fibiosa cystica dissemi- 
nata in one patient aie collected from the hterature The occurrence of these 
symptoms of both rare diseases in one person is not meie coincidence, but is 
evidence of the relationship of neurofibromatosis to osteitis fibrosa cystica 

2 It IS believed that hyperpigmented areas (caf6 au lait spots and blown 
blotces), bemg the evpiession of underlying neuiofibiomatosis even without the 
appearance of neurofibromatous nodules, are sufficient evidence of the concui- 
rence of both conditions, neiuofibromatosis and osteitis fibiosa cystica 

3 The histological featuies common to bone fibioma m neuiofibiomatosis and 
to osteitis fibiosa are discussed It is stated that neive elements aie not present 
m the histological specimens of fibromatous bone lesions in both conditions, yet 
whorling of spmdle cells is found in the bone fibroma m neurofibromatosis as 
well as m some aieas of the fibious tissue m osteitis fibrosa cystica localisata and 
dissemmata These whorls of cells aic also piesent m cutaneous neurofibioma 
They are mdicative of the neuiofibiomatous genesis of a fibroma because in the 
center of such whoils a nerve fibre with schwannogha v as once present and initi- 
ated the fibrous growth Their presence also m some areas of the fibious tissue 
in osteitis fibrosa cystica locahsata and disseminata gives additional histological 
confirmation to the theoiy that the pathogenesis of neurofibromatosis (Reckling- 
hausen) and that of osteitis fibrosa cystica locahsata and disseminata are i elated 

VI ENDOCRINE SYMPTOMS IN NEUROFIBROMATOSIS AND OSTEITIS FIBROSA 
CYSTICA DISSEMNATA (rECKLINGHAUSEN) 

Precocious Puberty and other Endocrine Symptoms in Osteitis Fibrosa Cystica i 
Disseminata Albright, Butler, Hampton, and Smith have called attention to the 
symptoms of piecocious pubeity occuning in some patients vuth osteitis fibrosa 
cystica dissemmata and brovm pigmented spots of the skm These authois 
report five females Muth these symptoms and add nine other cases reported earliei 
m the liteiatuie Weil (1922), Gaupp (1932, lepoitmg tvo cases), Piiesel and 
Wagner (1932, quoting Salzer’s case), Stalmann (1933, repoitmg two cases), 
Snapper and Parisel (1933, case reported as xanthomatosis ossium), Goldhammei 
(1934), and McCune (1937) vere the fiist to mention piecocious pubeity to- 
gether Muth osteitis fibrosa dissemmata and pigmented spots Falconer and Cope 
add two cases of their mvn, one is a male and one in a female, quoting eight 
additional cases from the liteiatuie since 1937 These authois demonstrate that 
sexual precocity m osteitis fibiosa cystica dissemmata may also occur in males 
and IS best discovered m these male cases by the precocious skeletal develop- 
ment The precocious development of bones (epiphyseal union) is generalized 
and not at all confined to those bones Avhich display localized or disseminated 
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osteitis fibrosa cystica Falconer and Cope called attention to other endociine 
features which may occur in cases of osteitis fibrosa cystica disseminata Acro- 
megalic features inth incomplete hemianopia were obseried in then Case 1 and 
in Coleman’s case (1938), also mth bitemporal hemianopia In this case the 
acromegalic features are beliei ed to be the result of pressure due to bony over- 
growth of the skull hloehhg and Schrciber described gjuiecomastn mth 
femmine distribution of hair m a boj of 16 years iiho displaced characteristic 
lesions of osteitis fibrosa cjstica disseminata One case described by Albnght, 
Scoiille, and Sulkomtch also had gynecomastia None of the authors gaie anj' 
cvyilanation of any etiological connection of the endocrine symptoms, especially 
of the precocious puberty, mth osteitis fibrosa cystica disseminata 
Endocrine Symploms in A^curofibromatosis In the preceding sections, it has 
been attempted to demonstiate that the pathogenesis of osteitis fibrosa cystica 
disseminata is related to that of neuiofibiomatosis This conception would 
acquire further evidence if endocrine symptoms similar to those obsened m 
osteitis fibrosa cystica disseminata, especially piecocious pubertj , were reported 
as occurring in cutaneous ncurofibiomatosis alone (pigmented areas w ith and w ith- 
oiit neurofibiomas) Fiirthermoic, such a concurrence of endocrine symptoms 
and cutaneous neurofibromatosis would offci an explanation of the causal re- 
lation of endociine sjmptoms to osteitis fibrosa cjstica dLsseminata through a 
common pathogenic principle, i e , neurofibromatosis 
In searching for such c\ idcncc we find that endociine symptoms in cutaneous 
neurofibromatosis, cspocntly when accompanied bj areas of hjTiorpigmcntation, 
arc not infrequently reported in the literature The endoenne features in these 
cases of neurofibromatosis resulted from the following causes 

I Uypcrlrophy or sclerosis of adrenals and ptUnlary 
(A) Adrenals 

Clmuflird, 1896 (adenoma of both adrenals, the left adrenal tumor a as 
so large that it enveloped the pancreas) 

Mcrk, 190o (neurofibromatosis and pigmentation, changes in loft adrenal 
found on autopsj ) 

Ilajmond and Alquicr, 190S (neurofibromatosis and pigmentation, sclerosis 
of both adrenals and pituitarj with nodular hjporplasia) 

Muto 1910 (neurofibromatosis and pigmented spots, infiltration of both 
cortic il zones of the adrenals, histological changes in pituitary and 
thjroid) 

Vignolo Lutati, 1911 (sclerosis of both ndronnla and neurofibromatosis) 
Saalmnnn, 1919 (neurofibromatosis, h> pernephromn originating in a supra- 
renal rest in the liicr) 

Bosquet, 1913 (cutaneous neurofibromatosis, right suprarenal almost cn- 
tirolj transformed in epithelial tumor) 

Kawasluraa, 1911 (cutaneous neurofibromatosis, kyphoscoliosis, tumor of 
suprarenal medulla) 

Tucker, 1924, Sznnd, Kennedj, antlMiakakj, 1925, Stark, 192S 
of Reckhngliauscn’s disease with endoenno B\mptoms) 
fB) Ptlutiari/ (neromeRalv, hypogonadism, gynecomastia) 

W oUsohn and Marcuse, 1910 (ncuro&hromntosis and ncromogal\ ) 
Minkowsky, 19U (atromegalj and neurofibromatosis) 
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Ormond, 1920 (neurofibromatosis and acromegaly) 

Barber, 1922 (Ormond’s case neurofibromatosis and acromegaly) 

White, 1926 (Recklinghausen’s disease with pituitary symptoms) 

Freund, 1929 (neurofibromatosis and acromegaly) 

Louste, Caillaux, and Darquier, 1925 (Recklinghausen’s disease and 
acromegaly) 

De Castro, 1934 (neurofibromatosis and acromegaly) 

(1) Hypogonadism 

Lier, 1914 (neurofibromatosis, bilateral hemianopia) 

Hoffmann, 1929 (neurofibromatosis, hypogonadism) 

Bohn, 1923 (neurofibromatosis, hypogonadism) 

Ehrmann, 1924 (neurofibromatosis, hypogonadism) 

Freund, 1929 (Case 3, neurofibromatosis and hypogonadism) 

Case I of this paper, p 113 

II Neurinomas of the adrenals 

Maim, 1925 (neurofibromatosis and neunnoma of adrenals) 

Marts, 1933 (neurofibromatosis of sympathetic nerve with participation of brain 
and pituitary) 

Rosenthal and Willis, 1936 (neurofibromatosis associated with chromaffin tumors) 

III Pressure effect upon the third ventricle or upon the pituitary by a central neurofibroma 

or by hydrocephalus due to central neurofibroma 
Barbd and Delay, 1939 

IV Congenital anomalies of the brain tissue occurring in neurofibromatosis 

Heuneberg and Koch, 1903 (central neurofibromatosis) 

Christin and Neville, 1920 (central neurofibromatosis) 

Winkelbauer, 1927 (skull changes in neurofibromatosis) 

Fulton and Bailey, 1930 (Recldinghausen’s disease with tumors of the 3rd ven- 
tricle) 

Harbitz, 1932 (central neurofibromatosis) 

Marts, 1933 (neurofibromatosis of sympathetic system and brain) 

Zimmer, 1936 (central neurofibromatosis) 

Precocious puberty in neurofibromatosis Repoited cases of precocious pubeity 
•winch simultaneously exhibit cutaneous neurofibromatosis are not included m 
this review of patients suffermg fiom cutaneous neurofibromatosis and en- 
docrme sympto ms Four cases are reported m the hterature which displayed 
S3Tnptoms of precocious puberty, 4 havmg pigmented spots, 3 pigmented spots 
and cutaneous fibioma Shaw demonstrated m 1922 a sexually precocious boy 
of 15 who Avas brought to the hospital because of obesity, -with the laige type of 
pigmented patches and some soft subcutaneous nodules One n^as removed and 
later reported as neuiofibioma Bilateral optic atrophy was present X-ray 
examination showed a shadoAV and flattening between the anterior and postenor 
chnoid processes 

Mallam (1922), stimulated by the repoit of ShaAv’s case, described and pub- 
lished photographs of a similar case of association of neuroflbromatosis mth 
precocious pubeity and endocrme symptoms A boy, 8 j'-ears of age, had groAim 
and developed enormously from his fourth year At eight he weighed 119 
pounds and was 4 feet lOJ mches tall “The sexual organs were greatly de- 
veloped for a child of eight, the pubic han fauly well gro-rni, the voice was low- 
pitched, and he had developed a tioublesome tendency to masturbate ” The 



NEUBOFIBROILITOSIS \ND OSTEITIS FIBROSA. 


137 


skin presented the signs of neuiofibromatosis Patclies of pigmentation nere 
seen, and manj sesilc masses of fibrous material could be felt on the tmnk, 
flank, and shoulders The kair nas strong and coarse, and the nails bnttle 
His mind was acute, but at games he u os bad He suffered from headaches and 
fatigue His bones ueie large X-iaj examination shou ed a u ell-defined sella 
turcica of normal size The authoi believed the case to be one of an anomaly 
of the pmeal gland 

H F de Vnes (1930) describes a gul uith Recklinghausen’s neuiofibromatosis, 
pigmented blotches, and precocious pubcrtj The girl at nme j'ears of age was 
menstruatmg and sexually fully der eloped She had large breasts and sexual 
hair like an adult female Her height u as twice that of a normal child her age 
She was mentally backnard Hemianopsia nas found 

Sainton and Ballast published an obsenation on “syndrome frustc de neuro- 
fibromatosis [pigmented blotches), macrogenitosomie et glaucome ” It has not 
been possible to secure the oiigmal French aiticle, so details cannot bo reported 
at tins time The title, hov^j.xer, tells us that a patient demonstrated signs of 
neurofibromatosis of the skin, together watli enlargement and probablj carlj 
development of the genital organs 

Mosse and Caiahd report a case of cutaneous neurofibromatosis ■nith simul- 
taneous involx cment of the pituitary as \\ ell as the pmeal gland lurch describes 
a patient iiith neurofibromatosis on iihom a cyst of the pineal gland iias found 

It IS thus demonstrated that neurofibromatosis, cafd au lait spots, and brown 
blotchy pigmentation haxo been obsened to be associated with premature 
sexual development Furthermore, it is certamK not mere coincidence that 
precocious puberty is described also m some cases of osteitis fibrosa cjslica dis- 
seminata exhibiting cafd au lait spots and blotchj pigmented areas It seems 
most probable that the brown pigmented areas which in both instances result 
from neurofibromatous changes of the finest skin non cs beneath the b-o’-a snots 
(see Section 11 of this papei) arc mdicatixe of the causal connection of ec Jeenne 
symptoms as well ns of the fibrous changes in the bones m osteitis fibnya r^Ttrca 
with the patliogonetio prmciple of neurofibromatosis Since in of 


osteitis fibrosa cjstica disseminata not onlj precocious pubc-ry pr* a2,o 
megahe features and gjmecomastia are obseivcd, the scope cd ezsiondas; <ai.=tur- 
banco m the sexual sphere is as wide as that obsen cd m cases of n-ezr £» — natons 
w ithout osseous pathological ini olvement 
Pathology of Lndocrtne Symptoms in NeurofihromalOKf 'm." Fff/rria 

Cystica Disseminata (RccUinghatism) The underivirs c cs.3 chnn""^ 
which result in endoerme features are certnmlj differca* h; 'SSEr-.t; 
cutaneous neurofibromatosis ns well as in osteitis C^-i. 
hut the undcrljmig pathogenic principle in both II- 2 < Jy t-j* 

tame (lo, anatomical changes connected with '/ /• 

As discussed abo\ e, hj pcrfiinction or decreased act ’'-V ^ ^ L 

als mil} he the result of anatomical cliangr-o m -.y -rir m. -- -T. -- 

result of increased intracranial pressure bv h 
fibromatous tumor It mav bo a ncurofilFr C..." 
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question itself Only autopsy material mil be able to decide the undei lying 
anatomical situation in these conditions 
Only one case of osteitis fibrosa cystica dissemmata mtli precocious pubeity 
has come to neciopsy (tins patient was first leported by Fieedmann and later by 
Albiight and coworkeis) The child died in the Ploatmg Hospital (unit of the 
New England Medical Centei) of vuus pneumonia Thiough the coiutesy of 
Di James A Baty, I was invited to see the child befoie the mteicuirent mfection 
happened The clinical features were still the same as described by Fi eedmann 
At autopsy no glandulai tumor was found, but there was an abnormal condition 
in the legion of the thud ventricle (personal communication fiom Di Mac- 
Malion) The histological exammation of the biam revealed changes m the 
thud ventiicle vhich suggested an accessoij'- nucleus m this legion (Di 
MacMahon will describe the findmgs in a special publication ) 

The piesence of a congenital anomaly of the biain tissue would concui ivith 
the features discussed above (Section IV) vhich occui m neurofibiomatosis 
Endocime symptoms such as precocious pubeity, aciomegahc featuies, oi g 3 Tie- 
comastia may result from such a congenital abnoimality of the biain tissue 
located in the third ventiicle 

The occuiience of a congenital stiuctuial anomal}'^ of the biain tissue and the 
piesence of pigmented spots of the skm m a case of osteitis fibrosa cj’^stica dis- 
seminata tends to mciease the evidence foi oui belief that all these symptoms 
have a common pathogenesis, winch is piobably neuiofibiomatosis 
Summary Case repoi ts ai e quoted from the literature m vEich neui ofibi oma- 
tous nodules, caf6 au lait spots, and biorni pigmented aieas neie obseived to- 
gethei witn endocime sj^mptoms The anatomical changes nhich cause endo- 
crine sjnnptoms in neuiofibiomatosis are discussed on the basis of autopsy 
findings lepoited m the Iiteiature Special attention is called to foui cases com- 
bining sj^mptoms of piecocious pubeity, neui ofibi omatous nodules, and cafd an 
lait spots The obseivation of similai endocrine symptoms, especially the 
concui lence of piecocious pubert}’- and pigmented blotches of the skm m neuro- 
fibromatosis and also m osteitis fibiosa cy^stica dissemmata offei additional 
coiroboiation of the belief that the two distuibances aie i elated This suggests 
that the anatomical stiuctuies which underly the endocime symptoms m cases 
of simple neuiofibiomatosis may be the same m cases of osteitis fibiosa cystica 
dissemmata (Recklinghausen) 

> Case of Osteths Fibiosa Cystica Dissemmata with Piecocious Pubeity Case VI 
(No 306275), a ten-yeai-old Italian giil was fiist seen at the age of six months 
at the Boston Dispensaiy and Floating Hospital (unit of the New England 
Medical Center) This case nas leported by H J Fieedmann and latei by 
Albiight, Butler, Hampton, and Smith 

Cose JHstory (coiutesy of Dr Fieedmann) Biith was noimal Theie was no 
family history of impoi tance The infant n as first seen at the age of si\ months 
because of diairhea, ivhich vas successfulh’’ treated 

Precocious Sexual Pubeity At the time of this fiist admission, the infant had 
already menstruated, raenstiuation ha\nng started at the age of four months 
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During the thud -sear, periods lecurred ererr tuo months The mcnstnial 
periods thereafter cccuncd ererj thiee neeks iiregiilail 3 Occasional!} there 
was a stead} flow for as long as three weeks At the age of si\ months the 
eatemal genitalia, especialh the clitoris (1 cm ) were enlarged At the age of 
one and n half }ears, the breasts became laiger and the areolae displayed a 
brownish color At tins time a huxurious giowth of pubic luir was noticed 
The sexual characteristics were those of a normal adult Fiom the age of 
eighteen months on, the child masturbated 
Pigmailed blotches Aieas of blown pigmentation first occurred on the light 
check The pigmentation did not spread until the si-xth month, when another 
blotch was noticed on the left leg Later, pigmented areas appealed on the left 
buttock, loft thigh, loft knee, and left ankle Smaller spots appeared also on the 
trunk At the beginnmg, the pigmented aicas wcie cafd an lait in eoloi, later 
they became deep brown 

Mental Daclopmcnt The child sat up at nine months, walked at twent}-two 
months She could not talk until fi\ c } eare of age She nc\ er attended school 
She frequently had temper tantnims, m which she screamed, pulled her hair, and 
scratched her face 

Skeletal Changes I’am was not noted until the age of tlnee at which time she 
fiactuiod a leg Later, spontaneous fractuies occurred seicral times De- 
formities of hei thighs flateral bowing) became risible and there was also as}m- 
niotn of her cheeks Walking became difficult, but not because of pam There 
was no complaint of spontaneous pain, the places of former fractures being onh 
slight!} painful She died at the age of ten of icute mtercuiTent pneumonia 
I aboratoi 1/ Findings Calcium 11 1 mgm %, phosphorus 3 4 mgm %, total 
cholesterol 175 mgm %, phosphatase 38 Bodanskr units Hoi mono studies 
(Dr Worthesson) showed folhclc-stimulating hormone present in the blood In 
24-hour urine astron 22 gamma, estnol 5 gamma, androgen raluo equals 20 
units (increased values foi female sex hormone) 

X-Ray Findings (it nine }cais) A spott} evst-hke iiiroKement of almost all 
the bones of the skeleton was 'cen There was no generalized docalcification 
Seieial licaled fiactures were present The left femur showed “boomerang” 
shape, the right femur a healed fractuic The c}st-hke aicas aacre seen on the 
skull, long bones, scapulae, ca'en on some small bones of the hands and feet 
The pelais and also some aertebrae showed c}st-hke aieas The shifts of the 
long bones w ere expanded by the lesions at some areas 
Autopsy F indings The autops} (Dr Osgood) confirmed the clinical diagnosis 
of osteitis fibrosa c}btica disseminata (earlier biops} report!)} Dr Sidno} Farbci 
m Albright and coaaorker paper) The most imporkint findings of the aiitopsa 
(personal communication of Dr ^laciMnhon) were 1 ) The p irath} roids ai ere not 
enlarged, 2) Ixo arsiblc anatomical maolaemcnt of the adrenals, pituitara or 
other endocrine glands was found, 3) There xxas abnomiahta m tlie area of the 
third aentricle, which aaas considered on histological examination to be a coii- 
gemtai nnomalx exhibiting an accassoiy nucleus m the subthalamic area (Dr 
iMachlahon will publish these findings m a separate, detailed paper) 
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PINAL SUMMARY 

On the basis of Masson’s investigations it is demonstrated that fibromatous 
giowth m neurofibromatosis may occur mthout later e\udence of the origmating 
schwannoghal Imeage (aneuntic fibromas) moils of spindle cells, if present 
in the fibrous tissue, ai e indicative of its neui ofibromatous origm 

Pigmented areas of skm vath sharp borders (cafd au lait spots or geogiaphical 
map-like broum blotches) are the result of stnictural changes of the underlj^mg 
finest slcin nerves Pigmented blotches of the caf(§ au lait or geogiaphical map- 
hke variety are as much an mdication for the diagnosis of neurofibromatosis as 
the cutaneous neurofibiomatous nodule itself 

Fibrocystic mvolvement of locahzed areas of the skeleton, especially of the 
long bones but also of other portions, occurs m neurofibromatosis together ivith 
caf 6 au lait spots and cutaneous neurofibromas Osseous fibroma aie not only 
found as so-called “subpeiiosteal C3^sts,” but also as fibioma located in the 
tiabeculated spaces of the long bones The microscopic exammation of the 
osseous fibroma does not reveal nerve structures ivithin the fibroma, but whorls 
of spmdle cells are occasionally found as “hallmarks” of its neurofibromatous 
origm 

Hyperfunction of the paiathyroid as a pathogenic prmciple is discussed 
The different clmical symptomatology of hyperparath3noidism vath generahzed 
decalcification and fibrocystic lesions of the skeleton and osteitis fibrosa C3’'stica 
locahsata and dissemmata (fibrous dysplasia of bone) are described It is 
pomted out that the outward appearance, the clmical features, and the cause of 
death aie different m the two entities Reckhnghausen’s origmal cases are 
analyzed The first two described as fibrous osteitis (Cases 5 and 6), exhibit the 
features of osteitis fibrosa cystica dissemmata Therefore, the name of Reck- 
Imghausen should be connected with osteitis fibrosa cystica dissemmata and not 
with primary h3T5erparath3uoidism Analogous to observations on cases ivith 
diffuse malacic bone disease, secondary reactive h3^erplasia of the paiath3TOids 
may also occur m raie instances m osteitis fibrosa c3'-stica dissemmata, but with- 
out the piogressive generahzed S3Tnptoms of primar3’' hyperparath3T0idism 

On the basis of reports of simultaneous occurrence of nodular cutaneous 
neurofibroma, pigmented areas of the slan, and osteitis fibiosa C3’^stica in one 
patient, a coherence of neurofibromatosis and osteitis fibrosa C3’-stica is suggested, 
smce the occunence of these S3Tnptoms of two laie diseases in one person cannot 
be mere comcidence It is believed that l^pei pigmented areas (caf6 au lait 
spots and brown blotches), bemg the expiession of undeibong neurofibiomatosis 
even vnthout the appearance of neurofibromatous nodules, are sufficient evidence 
of the concurrence of both conditions, neurofibromatosis and osteitis fibrosa 
C3'^stica It is stated that neive elements are not present in tlie lustological 
specimens of fibromatous bone lesions m both conditions, 3’-et “whorls” of spindle 
cells are found m the bone fibioma m neuiofibromatosis as well as in some areas 
of the fibrous tissue in osteitis fibrosa C3’'stica locahsata and disseminata These 
whorls of cells aie also present m cutaneous neurofibroma They are mdicative 
of the neurofibromatous genesis of a fibroma because m the center of such whorls 
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a neive fiber schMannoglia Mas once present and initiated the fibrous 
groM’th Their presence also m some areas of the fibrous tissue in osteitis fibrosa 
cystica localisata and disseminata gives additional histological confirmation to 
the theory that the pathogenesis of neurofibromatosis (Recklinghausen) and that 
of osteitis fibrosa c^ stica localisata and dissemmata are related ^ 

The observation of similar endocrine svTuptoms, especially the concurience of 
precocious puberty and pigmented blotches of the skin in neurofibromatosis and 
also m osteitis fibrosa cystica disseminata offers additional coi roboration of the 
belief that the two disturbances are related This suggests that the anatomical 
structures which underh the endocrine symptoms m cases of simple neurofibro- 
matosis ma> be the same m cases of osteitis fibrosa cj stica disseminata (Reck- 
linghausen) 
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HISTORICAL 

Although filaiiasis m its grosser manifestations was mentioned by ancient 
Indian UTiters, the term 'elephantiasis’ was apparently first used by Celsus 
to mdicate leprosj'’, and latei by Galen to indicate both leprosy and true ele- 
phantiasis A third disease, Madura foot, was also generally confused ivith 
leprosy and elephantiasis, until about the eighteenth century In 1750, Hillary 
gave a full and lucid account of the elephantoid leg, wherem he clearly dif- 
feientiated this disease fiom leprosy The classical lesearches of Danielssen 
and Boeck m 1848 on leprosy and those of Vandyke Carter m 1860 on mycetoma, 
established clearly the tiue nature of those two diseases, and their distmction 
from one another and fiom filariasis 

EPIDEanOLOGY 
Geographical distribution 

Of the human fiilarial parasites, Wuchareria bancrofti has the most extensive 
distribution m the tropics and sub-tropics and occurs m regions from about 
42°N to about 38'’S in the eastern hemisphere and fiom about 30°N to 30°S 
in the western hemisphere 

In America, the infection is common m Central Ameiica, in the West Indies, 
m British, Dutch and French Guiana, Venezuela, Brazil, Peru, and Colombia 
In the United "States a consideiable focus of mfection, probably oiigmally 
mtroduced fiom Africa, was discovered m South Caiolma some years ago, 
but no fresh cases have been reported in recent years, it piobably does not occui 
elsewhere 

It IS common on the west coast of Afiica, in Madagascar and the neighbouring 
islands of Mauritius and Eeunion, in East Afnca, and m Egypt and North 
Africa 

In Europe, it is reported to occur in Spam (Barcelona), Hungary, and Turkey 
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In Australasia, it is conunon in Neiv Guinea, Papua, and other islands, and 
it occurs along the northern and eastern coasts of Australia It is extremel^^ 
common throughout the Pacific islands, such as Samoa and Pnendly Islands, 
Fiji, and the Gilbert and Ellice groups of islands 
In Asia, it IS especiallj preialcnt in Arabia, India, Ceylon, Burma, 
the Phdlippmes and the islands of East Indies, southern China, and southern 
Japan In some of these areas over 80 per cent of the population are infected 
In India, the infecbon is e^iemely prevalent, but it is more or less confined 
to the coastal regions and to areas along the banl\.s of the important rivers 
IVest Bengal, Onssa, Travancore, Cochm and Malabar are the most heaiily 
infected areas (microfilaria-rate over 20 per cent to ovei 30 per cent) All 
these are Ion flat countnes that have a high ramfall, they arc water-logged for 
many months each year, and the temperature and humiditj are both high for 
01 er half the jear, conditions are, therefore, -very favourable for the breeding 
of mosquitoes and for the transmission of the mfection The moderately in- 
fected regions (microfilana-rato between 5 and 20 per cent) include the rest of 
the east coast of India, East Bengal, the United Proiunces, Bihar, and certain 
areas in the Bombay Presidency, such ns Surat, Ahmedabad and Thana Mildly 
endemic areas include the whole of the Deccan plateau, the Centril Proimces, 
and Assam However, the intcnsitj of infection is not umfoi-m even within 
a suigle endemic area, for instance, in Calcutta the eastern wards of the city 
show a much Iieai ler infection rate than the central or western wards 
All the areas Ij mg north of a line drawn from Karachi to DoUii are free from 
the infection, these mclude the Punjab, Smd, the North-West Frontier Pro\ ince, 
Kashmir, and Hajputaiia Eloiated regions, aboie 4,000 feet, arc also free 
from mfection 

Epidemic status 

It IS essentiallj an endemic disease, and any iise and fall m the incidence 
of the disease wall as a nile only take place o\oi a number of years Rises in 
incidence are usually associated with increases of poimlation, oi with an increase 
m the Culex population through ill-ndviscd engmeonng oi agricultural under- 
takings, or through a detenoration in the sanitation of the area (vide infra), 
conierecly, any decline in incidence can usually be traced to impiovemont in 
suiifation, cspccialU wath reference to anti-mosquito measures, or more rarely 
to reduction in the human popul ition 

In most places the disease Ins already found its owai loi el so that, as occasion- 
ally happens, when an infected group of indi\ idu ds from a highly endemic irca 
migrate or are transferred to an area of low endcmicity , there is coldom more 
than a temporary' increase m the infection rate in the local population, if any 
incroT'e it all is noted On the other hand, when in uninfected population is 
transferred to an endemic area, the immigrants will in the course of years' 

‘1 ins 18 the usual evpericiito, but when n non infected group lues in close association 
with a by per infected population, the mlensilj of tlio infection to « Inch tbci arc subjected 
mij lead to a imicl, earlier deidopaicnt of tbo disc isc amongst tbe newcomers 
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become infected, but tbeir arrival vtU probably not lead to a general rise m the 
incidence of the disease m the area, as occurs in the case of most epidemic dis- 
eases. 


Seasonal distnhuhon 

In highly endenuc areas, infection takes place at any time of the year, but 
m the areas of moderate and low endemicity it will only take place at a time 
when the tempeiature, humidity and other conditions are favourable {vide infra) 
However, the time taken for the development of symptoms is so variable and 
usually so long that the onset of symptoms bears little time relation to infection 
In Calcutta the highest onset period was durmg the monsoon, July to Septem- 
ber, there were 40 per cent more fresh cases than in the cooler-weather months, 
October to February But this probably indicates nothmg more than a lower 
resistance on the pait of the patient at this time of the year 

Age, sex, race and occupation 

No definite relation appears to exist between the mcidence of infection and 
the age or sex in a population Filarial surveys of endemic areas m India, 
carried out by Rao (1924-1941), have shown that the age mcidence of lymphatic 
obstruction depends on the mtensity of the mfection to which the people are 
subjected Thus, m hyperendemic areas, ^ elephantiasis may commence even 
at as early an age as 5 years, and, m one case, microfilariae were detected m 
the blood of a baby of 14 months In moderately endemic areas, the lesions 
commence generally between the ages of 14 and 16, and m areas of low endemic- 
ity between 20 and 25 years In general the mcidence of mfection m women is 
less than m men This may be partly due to their conditions of hvmg and 
their mode of dress 

No special coi relation between the mcidence of mfection and the race or 
occupation of the mdmdual has been noted In Calcutta, a town of moderate 
endermcity, it is very rare for the disease to be found amongst European so- 
journers, but it is not uncommon amonst those who have hved there all their 
hves, and it is as common amongst the poorer Anglo-Indians as amongst the 
Indians 


AETIOLOGY 

Historical 

The discovery of microfilana in the hj-^drocele fluid of a filarial patient w as first made by 
Demaraquay m 1863 in Pans In 1866, Wucherer independently discovered a microfilaria 
in the chylous urine of a filarial patient in Brazil He continued his investigations and later 


- Endemic areas can for convenience by classed as 

(a) hyper-endemic areas — microfilana rate 30 per cent or more, 

(b) highly endemic areas — microfilana rate 20 per cent but less than 30 per cent 

(c) moderately endemic areas— microfilana rate less than 20 but over 5 per cent, and 

(d) areas of low endemicitj — microfilana rate 5 per cent or less, but an occasional positive 

finding 
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obtained comparable endings in several cases of haemntocbyluria, a similar observation 
was recorded by Salisbury in 1868 Lew is w orking in Calcutta made the important discov- 
ery in 1872 that the microeinria v, hich was present in the chylous urine occurred also m the 
blood and Ijmph of persons suffering from elephantiasis, and in his subsequent investiga- 
tions he showed that the embryo invades the thoracic region of the mosquito and there 
undergoes development, but he did not study the subsequent stages of development as ho 
could not keep his mosquitoes alive for more than a week Tho presence of microfilariae in 
chylous ascitic fluid was first observed by Winckel m 1876, and in the same year the adult 
filarial worms were discovered by Bancroft 

About the same time, hlanson earned out pioneer investigations in filarial infection in 
China and present know lodge of the subject is mainly due to his classical researches on tho 
transmission and the pathology of the disease Manson made the memorable discovery in 
1878 that the mosquito Culexfatigans w as the earner of filanal infection Ho demonstrated 
that the filarial embryo developed inside the mosquito in sev cn day s In 1900, Low demon- 
strated that the infective larva escaped from the proboscis of the mosquito on to the skin at 
the time of biting Since then several investigators have carried out cvtcnsivc researches 
dealing with many important aspects of the infection, e g Manson-Bahr (Bahr, 1912), 
investigating filarial infection in the Fiji Islands, showed that tho transmitter of this infec- 
tion in this region was Aedea vanegatus var pseudo-scutcllans, and that Culex fattganst 
which 18 the important transmitter in other endemic areas of the world, is not so efficient 
in these islands Ho was also the first to show that tho microfilariae in the blood in Fiji 
crhibitcd no periodicity and that the nocturnal periodicity of the embryo was dependent 
upon tho biting habits of tho intermediary host 

Causal orgamsm 

The aduU Wuchcrena hancrojh arc white hair-hkc translucent worms having 
a smooth cuticle Tho male and the female worms live coiled together in tho 
dilated lymphatics, tho male being considerably smaller than tho female The 
head ls rounded and is separated from tho body by a nock-hke constriction It 
it provided with two rows of small sessile papillae The mouth is without hps 
and unarmed Tlie oesophagus has no bulb-hke swelling at its posterior e\- 
tremity The anus is situated close to tho postenor extremity of tho worm 
Males measure from 25 to 40 mm in length and about 0 1 mm in breadth 
Tho tail IS specially cuned ventrally The cloaca is about 0 1 mm from the 
posterior axtremity The testis is not coiled and termmates as a snowdrop- 
hke process (Loiper) Tlic accessory piece or gubemaculum which is chitinous 
IS crescentic There arc two spicules of unequal length The long one is cylm- 
dncal, exp mded proximally and tapering distally , ending m a glans hko swelling 
Tho short spicule is of the same diameter throughout, giitter-liko and coarsely 
marked, especially near its distal extremity There are nine pairs of caudal 
papillae which are pedunculated, five prc-anal and four post-anal m position 
Tho caudal alao are sometimes indistinct (Maplestone and Rao, 1939) 

Females measure from 50 to 100 mm m length and from 02 to 0 3 mm m 
breadth The tail tapers gradually, the tip is rounded The anus opens about 
0 2 mm from the tip of the tail The voiha opens on the ventral surface about 
0 G mm to 1 3 mm from the anterior end The vagina is a muscular tube form- 
ing a loop wath a pyoaform enlargement and ends m tho uterus, tho distal end 
o which IS gcneralK found filled wath fully extended embryos ready to be dis- 
c larged At its proximal end, the uterus is divadcd into two branches which 
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occupy the greater portion of the body and each terminates towards the tail 
end in an ovary Each branch of the uterus contams eggs and embryos m var- 
ious stages of development 

The ova and embryos These are found m the posterior end of the uterus 
Their dimensions vary accordmg to the stage of their development, when fully 
developed they measure about 40 microns in length and 25 microns m breadth 
The o\aim does not possess a true shell, but only a membrane which becomes 
stretched to form the so-called sheath of the miciofilaria 

The measurements of the mdividual miciofilariae (embryos) of Wuchereria 
bancrofh m ordmary thick smears, when plotted on graph paper, exhibit a smooth 
curve, and there is no marked difference m their measurements m the wet and 
the dry states, the average length of the embryo itself is 290 microns, the breadth 
6 to 7 micions, while the length of the sheath is 359 microns (Iyengar, 1939) 

The embryo shows well-maiked cuticular striations The cephalic space 
IS generally smaller than the bieadth of the embryo m this region The tail 
tapers graduallj'’ to a rounded tip and is free from nuclei 

Ltf e-cycle of the parasite 

The adult filanal parasites live m the lymphatics of man, mainly m those 
of the pelvic legion They aie knovm to hve there for a considerable period of 
time ivithout producmg obstruction to the lymphatic circulation The gravid 
female dischaiges embryos peiiodically, these embiyos reach the blood stream 
and ciiculate there The embiyos exhibit a nocturnal peiiodicity® m the blood 
stieam, except in Fiji and ceifcam othei Pacific islands where thej'' show no 
special peiiodicity They do not develop furthei in the blood, but aie taken 
up bj'^ the mtermediate host, the mosquito, wheie the next stage of development 
occuis 

Oidmaiily, a drop (20 cmm) of peripheral blood of an mfected mdividual may 
- contain anything up to 600 embiyos It has been found that, while a moder- 
atelj'' high concentiation (about 15 embi 3 ’^os per drop of blood) is necessai}’’ 
for the successful tiansmission of the infection, a much higher concentiation 
of imciofilariae, viz , 100 or more embr^ms per diop, is fatal to the mosquito 

5 Microfilanal periodicity The maximum number of microfilariae is found betiveen the 
hours of 10 p m and 2am, and never during the day This periodicity is a device on the 
part of the filarial uorm (or of Nature) to aid propagation of species, as it is only observed 
in countries vhere the mam mosquito vector is a night-feeder In Fiji, Aedcs varicgalus, 
vhich IS a diurnal feeder, is the important vector, and the microfilariae are found m the 
blood throughout the 24 hours in this and other Pacific islands Many theories have been 
put fora ard to explain the mechanism of this periodicity — that it is due to light, directly 
repelling the embryos or adversely affecting their activity, to the inactivity of the host at 
night, to chemotaxis from the bite of the mosquito, to defective oxygen supply, or to mid- 
day parturition of the v orm and the daily death of the microfilariae— but no theory is en- 
tirely satisfactory The ingenious, though unhkelj , theory regarding mid-day parturition 
(Lane, 1933) — uhich itself requires further explanation — has been disproved by severa 
v orkers v ho have shov n that ex en in another host the life of the microfilaria is over a v eck 

If the host changes Ins habits and sleeps during the da}’^, the microfilariae that he harbours 
u ill change their periodicity correspondingly" in about three day's 
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The development of the filarial embrj o m the mtermedmte host, the mosquito, 
may bo bnofl3' descnbed as folloivs 

As the mosquito feeds on the blood of an infected individual, the embryos 
(microfilariae) are taken m bj tlie mosquito and enter its stomach With the 
progress of digestion m the stomach, the blood plasma becomes thickened 
At tins stage the embrj os escape from their sheaths and enter the thoraeic region 
of their mosquito host It has been shown by Ij engar (1939) that mthm ten 
mmutes most of the embrj os enter the thorax and he in betiv een the thoracic 
muscle fibres, vhere at first thej' are comparatively mactive After two days 
the first-larval-stago embrj os measure about 124 to 250 microns bj 10 to 17 
microns Manj changes take place m the structure of the embrj os, and the 
tail becomes reduced to a stump (sausage stage) After the third day, the 
development of the bodj cav’itj , oesophagus and the anus takes place, and at the 
end of seven dajs the larvae (second stage) measure 225 to 300 microns bj 15 
to 30 microns Caudal papillae arc nou observ cd 
Dunng the second week, moulting occurs and under optimum conditions the 
metamorphosis is complete bj the tenth or eleventh daj The mfcctiv e third- 
stage (filariform) larvae which now measure 1500 to 2000 microns by 18 to 23 
microns show an alimentary canal and a tn-lobed tail Thoj leav e the thorax, 
migrate to the proboscis, and evcntuallj reach the in tenor of the labium Thej 

are generally seen to mov e in pairs MHien the mosquito feeds, the larv ae escape 
at the junction of the labium with the labella and enter through the puncture 
made bj the mosquito or ev cn through the unbroken skin 
Tlio larvae find their waj into the peripheral Ijanphatics Their subsequent 
progress and eventual fate wall depend to a great extent on the host’s reactions, 
but under conditions of perfect symbiosis the cycle wall be completed as follows 
The larv'ae migrate centnpetallj and evcntuallj' reach the large Ij'mphatic 
trunks where, havmg developed mto male and female adults, they mate The 
female parturates and the microfilanae are earned via the Ivanphatic trunks 
into the subclavian veins and the systemic ciiculation 
This is the outline of the cvcle as it occurs when svanbiosis is perfect and 
it accounts for none of the pathogenesis associated vnth the infection when 
the host’s tissues react to the presence of the worm, these reactions and their 
cfTect on the cycle will be descnbed below under the heading of Pathology 
It IS, however, possible that m some instances after the adult worms hav'e 
mated, they, or at least the females, migrate ccntrifugallv to the lymphatics 
of the extremities and genitals to parturate This hypothesis — ^for which 
there is analogy but no experimental proof — would help to explain certain 
observed phenomena, though it is believed that these can be explained almost 
as well on other grounds (tide infra) 

1 rom the entry of the mature larvae to the appearance of imcrofilanae in the 
blood of the host is u«uallv stated to be about one year, but there is evidence 
th it the interv al may be much longer 

Correlation belieeen filanal mfcclion and Jilanal disease 
It LS no longer ncce.ss,irv to discuss this from the point of view of establishing 
the eaiisd relationship Ixitwecn filanal infection and the various clinic il mam- 



156 


li EVERARD NAPIER 


festations of the disease, for the subject is only one of historical interest, as far 
as the commoner clmical manifestations of filariasis are concerned 

Many of the early workers, e g Low (1908) and O’Connor (1923), noted the 
correlation between the mcidence of filarial disease and the blood microfilaria 
rate m the commumty, and, recently, Iyengar (1938) found a positive correlation 
coeflScient of + 0 7644 between the microfilarial rate and filarial disease m 216 
locahties m Travancore (India) In chyluiia due to filarial infection, micro- 
filariae are usually found m the peripheral blood, Ray and Rao (1939) found 
them m 78 per cent of their cases 

On the other hand, most (though not all) observers have found a very definite 
negative correlation between blood microfilarial findmgs and elephantiasis m 
the mdividual In India, Acton and Rao (1930) found microfiilariae m only 5 7 
per cent of cases of frank filarial elephantiasis, whereas they found them in 14 7 
per cent of the symptom-fiee population of the same area In a population in 
which there was a 92 8 per cent filarial disease rate, Rao (1941) found a micro- 
filaiia rate of 8 4 per cent m those with elephantiasis, against 54 3 per cent 
m those without it Iyengar (1938) in an mvestigation mvolvmg over four 
thousand persons, of whom over five hundred had chnical filariasis, m several 
locahties in India found the nucrofilaiia late was on an average about three 
times as great amongst those showmg no chmcal evidence of the infection as 
amongst those with elephantiasis 

The usual explanation for the higher microfilaria rate m subjects without 
clmical lesions, namely that the lymphatic channels are mechanically blocked 
by the woims and the reaction that they cause, so that no microfilariae can get 
mto the circulation {vide infra), seems scarcely adequate to account for this very 
strikmg diffeience It seems that one must visualize a general reaction of an 
allergic or an antibody^ nature on the part of the host, otherwise one would 
expect the worms m those areas where the blockmg was as yetmcomplete to 
provide some microfilariae On the other hand, the absence of microfilaria 
noted m the earliest stages of infection is almost certamlj’- due to the immaturity 
of the worms and/or to theii failure to mate 

Conditions favourable to the development of the larvae in the mosquito 

The stages of the development of the larvae of Wuchereria hanci ofti m mos- 
quitoes, outlmed above, require a mean atmospheric temperature of about 
80° F and a humidity above 60 pei cent Laboratory-controlled expenments 
by Rao have shown that the development of the larvae m the mosquito depends 
directly upon temperature and humidity, the optimum conditions foi the 
development have been found to be a combination of 80° F with 90 percent 

^ It seems possible that the microfilanae that are retained in the tissues behind the 
obstruction in the lymphatic vessels, or in the subcutaneous tissues, are actively destroyed 
and provide the necessary sensitizing {sensu Mo) stimulus, ivhereas in lymph variv, chj- 
luria etc., the microfilariae reach the blood stream where they circulate until they are obso- 
lete and are subjected to a gradual process of absorption n ith other circulating debris The 
observation of Iyengar (1933) that the longer the duration of the obstruction the lower the 
microfilaria rate would support this view 
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humiditj Under these conditions the parasite is found to complete its full 
development m the mosquito -vvithm seven days Observations earned out 
m India (Calcutta and Cuttack) and m Chma have shown that the times for 
development m the mosquito under natural conditions vary accordmg to the 
temperature and humidity, from two weeks in the summer to three w eeks or 
over in the winter months Delay m the development of the filanal embryo 
m the mosquito reduces the chances of the infection bemg transmitted, because 
in many mstances the embiyo will fail to reach the thnd larval, the infeotve, 
stage 

Jniermedtale hosts 

Culcx fattgans is the common host m Egypt, India, South Chma, Formosa, 
Celebes, the East Indies, the Philhpmes, Austraha, the West Indies, and Brazil 
In mosquitoes of other species and genera, the complete developmental cycle 
will take place and one must assume, therefore, that they are potential vectors 
In some mstances, e g Aedes vanegatus var psmidoseuhlans m Fiji, these are 
known to be the prmcipal vectors Craig and Faust (1943) give the followmg 
as potential vectors' — 

Culex pipicns and C pipiens var pallcns (Central Chma, Japan and Egypt), 

C hahhlalor (St Croi\, W Indies), C fttscocephalus, C whtimorei, C annuliros- 
tns, C alts and C vtshnm (all from Dutch East Indies and Celebes), Aedes 
aegyph (West Afnca, Now South Wales, St Croix, West Indies), Aedes vanegatus 
(Pacific Islands), ASdes (ogot (Japan), A taentorhynchus (St Croix, W Indies), 
Tacmorhynchus psaidoltltllans (Malaya), T umfonnts (Central Africa), T 
gusiamansoma (Brazil), Anopheles albtmanus (Caribbean area), A albttarsts 
(Brazil), A gambiae, A funcslus, A rhodcsiensis, A sgtiamosits (Sierra Leone), 

A algcncnsis (Tunis), A hyreanus var mgemmus (Travancorc) , A hyreanus 
var sinensis (Shanghai), A barhrosins, A sii5jnc<us (both fresh- and brackish- 
watcr tjTies), A pseudojamesi (ramsayi), A varuna, A phthppmensis, A 
pdlhdus, A annulans (fubginos^ts), A stcphcnsi, A sundaiacus (all m India), 

A amictus (North Queensland) , A barbirostris var bancrofh (Dutch East Indies, 
Celebes), A acomlus (Dutch East Indies and Celebes), A punctulatus (New 
Gumoa and Celebes), and probably A maciilatus (Celebes) 

FACTORS \FFECHNG ENDEWICITl 
The four essentials for transmission are, 

(i) the source of the miorofilana, which is always man, 

(u) the mosquito \ ector, 

(in) susceptible man, and ' 

(i\ ) links between (i) and (ii), and (u) and (iii) 

Hicre IS no reason to believe that race, age, or sex per sc make any difference 
in the susceptibihtj of man to mfcction or m the number of microfilariae that 
will circulate in his blood, giien therefore the source of infection and mosquitoes 
of a gootl transmitting species (of which there are many), the factors influencing 
the amount of filanal infection in anj locahty wall be, 

(a) the dcnsitj of the human population. 
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(6) the density of the vector-mosquito population, and 

(c) the length of duiation of the period of effective transmission each year® 

But, given a fixed human and a seasonally varymg mosquito (e g Culex fah- 

gans) population, filarial mcidence vtII depend not so much on (c), but more on 
the length of duiation of the comcidence of the favourable periods m factors 
(6) and (c), that is, on 

(d) the length of duration of the comcidence between the peaks (or high 

plateaux) of the mosquito-mcidence and favourable-temperature and 
humidity curves 

The density of the vector-mosquito population (5) will depend on a number 
of factors which vnll vary accordmg to the species concerned, but the seasonal 
vaiiations m the density will also depend to a great extent on temperature and 
humidity, and the same ranges as m the case of factor (c), namely, 80° to 90° F 
and over 90 per cent, 'wiU certainly be favourable for mosquito breeding, but 
other contempoianeous factois may not be, and therefore the peaks do not 
alwaj’^s coincide 

For example, m Calcutta, the most suitable period foi tiansmission is from 
May to Octobei, but the peak of the Culex cuive is later m the year, so that 
Calcutta is an area of moderate endemicity, wheieas m many coastal towns 
in South India, the transmission peiiod lasts almost throughout the year, and 
such places are h 5 q)er-endemic 

We therefore have the equation, 

degiee of endemicity = a X h X d 

It mil thus be seen why the disease is endemic in hot damp tropical climates 
and m coastal areas wheie an even temperature is the nile, why it is seen at its 
best m densely populated aieas, especially m towns m which the Culex population 
is not controlled, and why theie is considerable vaiiation m the intensity of 
the endemicity from place to place withm these areas The more piactical 
importance of tins appreciation of the factors concerned m transmission vtU 
be its application to prevention (vide tnfrd) 

PATHOLOGY 

As m other filarial diseases, the pathological changes are caused by the adult 
and pi e-adult worms passing through or lodgmg m the tissues and gl^^ng rise 
to local reactions m these tissues, the circulatmg microfilariae themselves 
appaiently produce no recognizable tissue reaction 

Morbid anatomy 

There is evidence of tissue irritation from the point of entry of the mature 
laivae onwards The skm around where the larvae penetrate may become 
thickened, hard and red, and this condition usuallj’- persists for some da 3 ^s The 

' Temperature and humidity are the main factors in determining the complete develop- 
ment of the filarial embryo in the mosquito so that transmission may take place, a relative 
hurmdity of 90 per cent and a temperature between 80° and 90° F appear to be the most 
favourable iyide supra) 
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lymphatic channels through which the larvae migrate shou signs of irritation, 
apparently as a result of the action of some substance secreted by the larvae 
The tissues respond by hypertrophy of the endothehal cells of the vessel walls 
When the immature w orm reaches a lymph node, it must w ork its way through 
the lymph spaces between the trabeculae and the lymphoid nodules of the 
cortex to reach the medulla Durmg this passage considerable local reaction is 
caused, when numerous mature larvae constantly pass through a node, the whole 
node mcreases m size and in the course of a short time it is converted into <i 
mass of eosmophihc granulation tissue and no longer contains any lymphoid 
tissue As the lymph channels aie obstructed by this granulation tissue, lymph 
can no longer percolate through the node, nor can the larvae pass tlirougli it, 
they are held up distally to the obstruction and there complete their develop- 
ment In some instances, adult worms fail to mate and the sterile female, after 
living m the lymphatics for some time, and causing periodic reactions, eventually 
dies and is absorbed or calcified In other mstances, the adult worms mate and 
the female parturates, m this sub-optimal environment With the discharge 
of the embryos, the uterine fluid — which is expelled at the same time — acting 
as a toxm, causes lymphangitis and/or lymphadenitis (In sections of tissue 
contaming worms, a large number of desquamated endothelial cells derived 
from the endothehal hnmg of the vessel walls can sometimes be seen at the site 
of the vulval orifice of the worm, which is close to the head end) In this way 
an obstruction is gradually formed to the centripetal flow of the lymph and the 
piessure rises m the obstructed lymph channels 
The gravid female gives birth to livmg embryos mtcrmittcntly, piobably 
for a few days m each month, and this is the most likely explanation for the 
penodicity of the febrile attacks and other allergic signs and symptoms, both 
local and general '\\'hen the gravid female ceases to produce embryos, toxins 
arc no longer excreted to the same extent as durmg fecundation and for the 
time being the inflammation subsides 


Ihe primarj factor in the mechanical production of lymplivanccs is this 
intermittent rise and fall of the Ijmph pressure Clinically, such vances arc 
seen most frequently m Ij-mphatics that arc supported by loose tissue, such as 
those around the superficial lymph nodes, on the inner aspect of the arm, etc , 
or, when the deeper lymphatics arc inv'olvcd, the abdominal plexuses and those 
of the spermatic cord (vide infra) 


The local reaction to the presence of a foreign body in a lymphatic vessel 
or in a lymph node may bo such that the mature worm, or even the immature 
worm, IS strangled, or such worms may die of old age or for some other reason 
When this occurs there is an infiltration of lymphocy tes, plasma cells and casmo- 
phils and the formation of giant cells, which destroy the wmrm Meanwhile 
new blood vessels are foimcd in the granulation tissue, fibroblasts appear, and 
cvcntuallv the remains of the worm are encapsulated and may become calcified 
tins process may bo associated clinically with a sharp local mflammatory 
reaction and m some cases with a febrile attack I^tcr, there wall always be 
scar formation which wall further interfere vvalh Ivmph flow m this region 
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When the lymph flow is thus obstructed m the distal parts of the lymph 
system, the lymph pressure increases, at first the deeper lymphatic vessels dilate, 
then those of the subcutaneous tissues, and finally the skm lymphatics Lymph 
ceases to drain from the tissues and the part becomes pi ogressively more swollen 
Such tissue IS known as blubbery tissue and when one cuts mto it the lymph 
exudes and the tissue collapses 

In the course of time the fibroblasts m the blubbery skm multiply and form 
new fibrous tissue which makes the skin dense and hard — the typical elephantoid 
skm The fibrous mduration extends deep doivn mto the lower layers of the 
skm as far as the sweat glands, interfering with the lymphatics m that region 
and producmg oedema followed by fibrosis around the sweat glands, which are 
eventually destroyed, so that the skm m elephantiasis is always harsh and dry 
In the meantime the surface hypertrophy of the epidermis becomes more and 
more marked, fissures occur m the ill-developed horny layer and allow micro- 
organisms to mvade the corium. In these very large, warty elephantoid limbs 
repeated attacks of inflammation, originatmg at the surface and due to secon- 
dary bacterial infection, are extremely common and mcrease the local hyper- 
trophy 

When the obstruction is m the deeper lymphatics, the lymph is dammed back 
causmg lymph varices of the abdommal plexuses and spermatic cord, these may 
rupture mto the peritoneum, kidney, bladder, or tumca vagmahs, causmg 
lymph ascites, lymphuria, lymphocele, or, if the obstruction is proximal to the 
leeeptaculum chyli, tlus mil lead to a reflux of chyle mto these plexuses and, if 
the}'- rupture, chylous ascites, chyluria, or chylocele ivill result 

The entrance of more and more matuie filariae mto these dilated tortuous 
lymphatics keeps up the irritation of the vessel waU, so that the endothehal 
cells hypertrophy and form a vascular granulomatous mass which projects mto 
the lumen hke a papillomatous growth The slightest trauma is hkely to 
mptuie the blood vessels m these papillomatous growths and cause bleedmg mto 
the lymph vessel, with the production of haematuria, haematocele, etc 

When the back pressure extends to the lacteals, these may dilate and even- 
tually lupture mto the mtestmal tract this reflux flow of chyle may cause 
chylous ^arrhoea, but a much more serious sequel mil be mfection of the 
dilated and damaged lacteals which infection may spread backwards to the 
larger lymph vessels, so that when they rupture seiious septic comphcations 
are likely to follow 

As long as the lymphatic obstruction is only partial or mtermittent, micro- 
filaiiae will find their ivay mto the blood stream, but, if it is complete, the 
larvae are confined behmd the obstruction m the oedematous and hypertrophic 
hmb and do not appear m the blood stream Hence it is the rule that m cases 
of chyluria and lymphatic varix of the cord microfilaiiae are almost always 
found m the blood, whereas m elephantiasis of the limbs and genitaha they are 
frequently not found (mde supra) 

The importance of secondary bacterial infection is a controversial subject 
Some workers, mcludmg Leiper (1924), Acton and Hao (1929), and Grace and 
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Grace (1931), believe that staphylococcal and streptococcal infection play an 
important part in all the inflammatory processes of a filarial attack, whereas 
others question this and beliei e that most of the milder inflammatory reactions, 
except those originatmg m the skm, can be attributed to the irritation of the 
filarial secretions and of the body of the w orm itself and to an allergic response 
on the part of the host to these (O’Connor, 1932) However, the more senous 
comphcations, such as acute funiculitis, peritonitis, and septicaemia, are ob- 
viously due to sepsis, which may have been haematogcnoiis m origm, but is 
more likely to ha\ e resulted from direct infection from some hollow' viscus into 
which the vances have ruptured 

The lanalions in the lesions -produced 

Various explanations have been suggested for the differences m the lesions 
produced by filarial mfections m different mdividusls, but the following explana- 
tion appears to the waater to have most support from his personal experience 
and from recorded data 

If the oomphcation of sepsis is excluded, there are tw'o factors concerned, both 
of which are x'anable, namely (a) the tolerance of the subject to filarial metabo- 
lites, and (b) the mtensitj of the mfection to which he or she is subjected 
The human host ivill fall into one of the four followang categories — 

(t) Tolerant individuals subjected to few infected bites their tissues do not react 
to the filanal metabolites, so that the rmgrations of the pre-adult w'orm and par- 
turition of the adult cause httlo or no icaction, and no clinical symptoms, but 
microfilariae will always be found m the blood once the Wforms reach maturity 
(«) Tolerant individuals subjected to a heavy infection in course of tune me- 
chanical blockage of the lymph nodes may occur causmg some static oedema, 
lymph xanx, or both, xnthout necessanly any lymphangitis or febrile reactions 
(ill) Intolerant individuals subjected to few infected bites at long intervals little 
damage is caused to the distal lymph nodes, smee they have time to rccoxer 
betw cen successive passages of the injected Ian ae, all of xvhich pass through these 
nodes to reach the deeper lymph nodes, e g the juxta-aortic nodes, but here there 
IS a sharp local reaction which evcntuallj leads to blockage, local Ijunph vanx, 
and chjlocele, chyluna, or both The blockage m this area is not complete, so 
that nucrofilariac wall be found m the blood It is only w hen sccondaiy — usually 

streptococcal — mfection occurs that tlic serious and often fatal acute funicuhtis 
follows 

(iv) Intolerant individuals subjected to many infected bites throughout the year 
the distal lymph nodes, c g the superficial mgumal and cpitrochlear, are damaged 
earlj and obstruct the passage of filariae which come to maturitj and parturato 
m the Ijmph nodes of the limbs causing periodic attacks of lymphangitis and 
fe\ er Soon the Ij mphatics become completelj blocked, w ith resultant elephan- 
tiasis, none or few microfilariae can reach the peripheral blood 

There is no reason to behox e that tolerance is a fixed qualitj , and it seems 
possible that manj persons who are at first tolerant in course of time become 
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intolerant Further, there will be degrees of toleiance just as theie will be many 
glades of subjection to infection, and it is not suggested that these four categories 
aie sharply defined 

If, now, one of the possible common septic complications is added such as an 
infection from the skin surface in elephantiasis or from some hollow viscus into 
Avhich a lymph or chyle varix has luptured, or possibly a haematogenous infection 
from some septic focus, e g axi apical abscess or bowel focus — oi if the laier com- 
plication of haemorrhage occurs, it will be seen that a very laige variety of clinical 
manifestations can be accounted for 

Blood pictm e 

There is no characteiistic blood picture m filariasis With the exception of an 
inconstant eosinophilia, any of the changes that occui can be attributed to com- 
plications 

The sternal-puncture count done m a senes of 53 cases of filariasis showed 
about noimal percentages for all the blood elements (Napier, Das Gupta, and 
Rao, 1941), the low percentage of eosmophil myelocytes m cases m which there 
IS an mcrease m blood eosmophils suggests an extia-medullaij’’ origin for the latter 

A moderate eosmophdia is common in cases m which theie are microfilariae in 
the nocturnal blood but few or no signs of lymphatic obstruction Dunng an 
acute attack of filarial lymphangitis, there is nevei any mcrease of eosinophils 
and they are not mfrequently absent from the peiipheral blood 

Microfikn zae %n the blood 

Reference should be made to the paragraphs on mici ofilarial periodicity and 
on the correlation between filarial mfection and filarial disease, above 

We have found fewei microfilariae m the sternal marrow than in the peiipheral 
blood, both durmg the day and during the might 

Unne 

There are no chaiacteristic changes m the urine m an ordinary case of 
filariasis 

In chyluria, the urme is typically a milky Avhite, but the colour is not constant, 
m a doubtful case the uime should be shaken up Avith ether or chloroform to see 
if it clears, as it iviU do if the milkmess is due to fat If there is any doubt, the 
urme should be exainmed agam one to four hours after a fatty meal In chy- 
luria, as also m lymphuria, the uime will coagulate on account of the presence of 
fibrmogen If it is set aside, it will separate mto thiee strata, an upper milky 
stratum, a middle pmkish one m which the clot ivill be seen, and a lower stratum 
consistmg of cells and debris 

Microfilariae will be found m about fifty per cent of the cases, either in the 
lowest layer or m the clot, or one can demonstrate them by droppmg a few tlireads 
of cotton-wool into the urme, allomng these to smk to the bottom and then recov- 
ermg a thread and exatmmng it under the low power of the microscope 

The fat content wall vary fiom a trace to just over one per cent, and the 
albumin from a trace to 0 6 per cent 
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In lymphuna, there is albunun and man\ lymphocytes, but, except for the 
possible presence of clots, the gioss appearance of the unne is little changed 
In haematochjluna and haematolymphuna there will in addition be red cells 
and some free haemoglobin 


SYMPTOMATOLOGY 

Classtficalton 

From the description of the pathological processes given above, it vnW be obvi- 
ous that the clinical pictures produced may be very varied As has been indi- 
cated above, there ma\ be a short-lned skin lesion — redness and induration ^\lth 
some irritation — at the point of entry of the larvae, but this is mconstant and is 
seldom remembered by the patient it therefore need not be considered m the 
sj^mptomatology Othennsc, the following classification covers the commonest 
of the filanal S 3 mdromes 

A Signs and symptoms may be absent 
B Lymphangitis and lymphadenitis 
(i) Uncompheated 

(n) Septic, which maj subside or lead to 
(ui) Abscess formation 
C Elephantiasis 

(i) Uncomplicated 

(ii) Complicated by sepsis 
(m) Either may invoUc 

(a) The limbs 

(b) The scrotum, penis or labia 
(o) The mamma 

D Ljonph variN, superficial or deep 

(i) Uncomplicated 

(ii) Rupturing, and producing a vanctj of non-soptic complications 

(a) LMnphorrlioca, of the grom or scrotum 

(b) rdarial synovitis 

(c) Ljmphocelc (hydrocele) 

(d) Ljonphuna 

(c) Ljmph ascites 

(ill) Bleeding, as n result of trauma, and producing 

(a) Ilnematospcrmia 

(b) Hacmatocelc 

(c) Hncmaluna or haematolymphuna 
(iv) Suppurating before or after rupture 

E Chyle vanx, 

(i) Uncomplicated 

(u) Rupturing and producing a variety of non-ecptic complications 

(a) Chylocclo 

(b) Chylurm 

(c) Chylous a‘!citcs 

(d) Chylous diarrhoea 

(m) Blcodiiis mar occur ns in Ijmph vnrix nnd produce n parallel nerics of com- 
plications 

(iv) Suppurating, before or after rupture 
r General 83 mptoms 
(0 Fever 
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(n) Allergic manifestations 

(a) Skin manifestations, e g urticaria 

(b) Asthma 

A full clinical description of each of the very numerous filarial mamfestatioas 
classified above would be out of place here, but notes are given below on the 
commoner ones and on those that seem to require some explanation As far as 
they are applicable, the paragiaph indentifications used above are followed 

Incuhahon 'period 

It IS usually stated that microfilaiiae first appear m the blood about one year 
after the larvae have been injected by the infecting mosquito, but the time may 
probably be shorter and is often longer However, this cannot be considered the 
mcubation period of the disease, which is even more variable Some mdication 
of this can be obtained from the age at which peisons bom m an endemic area 
first show symptoms In many filarious countries, it is seldom that evidence of 
lymphatic obstmctions appears ivithin fifteen years of the date of arrival in an 
endemic area, although m such cases there ivill often be a history of periodic 
febrile attacks ivith possibly some lymphangitis foi several years However, in 
highly endermc areas this peiiod is frequently much shoitei, and recently, fiom 
the South Pacific, cases have been reported m which the mcubation peiiod was 
apparently only three and a half months, lymphangitis of the arm and of the 
spermatic cord was associated with fever, and the finding of the adult worms but 
not of imcrofilanae 


A Symptomless’^ znfechon 

In most endemic areas the majority of the mfections are symptomless and m 
the areas of low and moderate endenucity they remam so mdefinitely However, 
as fresh infections are super-imposed, on account eithei of sheer weight of num- 
bers of adult worms or of developmg mtolerance on the part of the host, some of 
these subjects will later develop symptoms, and naturally the numbers of such 
persons wiU vary m diiect pioportion to the mtensity of the infection to which 
they are subjected {vide supra) 

B Lymphangitis and lymphademiis 

(i) Uncomplicated Attacks may occur at frequent and often legular mtervals, 
it is commonly noted by patients that the attacks recur always at some particular 
phase of the moon, or in women at one particular state of the menstrual cycle 
The whole limb and the glands m particular are very painful, and often a led Ime 
can be seen runnmg dowm the limb, m the upper limb the epitrochlear gland 
is most commonly mvolved The skm over the lymphatic vessels is red and 

' The word ‘latent’ is avoided here because it is often used ns an antonym to ‘patent’ and 
these infections are certainly patent to anyone who examines the blood at the appropriate 
time, further, the vord also seems to suggest that at any time the norm or vorms causing 
this infection may suddenly be stirred into activity and the infection may then flare up into 
a clinically patent one, this probably very seldom occurs 
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(c) Chylous ascites uall not be distinguished chnically from ordmary filaiial 
ascites due to the rupture of a lymph varix, but uall be apparent when paracente- 
sis IS perfoimed, septic complications are moie hkelj'' to occur than m the simple, 
ascites and m this case the picture mil be one of peritonitis 

(d) Chylous diarihoea, resulting fiom the reflux of chyle into the intestinal 
canal, has been leported, but is apparently a rare filaiial manifestation 

(iv) Suppurating It wiU not be necessary to discuss the septic comphcations 
that may be associated mth any one of these ruptures of chyle varices, but in view 
of the closer association ivith the intestinal canal, they aie likely to be commoner 
than in the case of Ijunph varices, as has been indicated above 

F General symptoms 

(i) Fever The fevei that develops m filaiiasis is due, either (i) to the worm 
and/or its metabohtes, entirely mdependentlj’- of secondary mfection, and for this 
the accepted expression 'filarial fevei’ is quite appropiiate, oi (ii) to secondaiy 
infection, of the blocked lymphatic channels, of the elephantoid skin, oi of the 
varices, and for this the expression 'secondaiy fever’, to wluch the words 'of 
filariasis’ nught be added if the context did not alieady make it clear, seems to be 
unobjectionable 

(u) Allergic manifestations Here one is on less certam ground, theie is un- 
doubtedly a form of urticana that is associated with a filarial attack and often 
recurs at regular mtervals, and similarly manj'’ filaiial subjects mth attacks of 
asthma give a history of periodic attacks that cannot be correlated mth the season 
or with any change m the patient’s enviionment or habits which may oi may not 
be accompanied by local filaiial manifestations The writei can give no sta- 
tistical data m support of this 'clmical impression’ 

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

This must be considered under a numbei of headmgs 

I (a) Duration of residence in an endemic area 

The time taken for the development of filanal lesions vanes m different locali- 
ties {vide supra), a diagnosis of filaiiasis at an eaiher date should be made inth 
consideiable caution, but, as there are exceptions to the general rule, it is also 
dangeious to rule out filariasis entirely on these grounds alone 

(h) History of a pievious attack 

A history of previous attacks of lymphangitis without any apparent local 
cause, followed by oedema of the hmb that does not always subside, and associ- 

I The fever that occurs vhen elephantoid skin and tissue become infected has been called 
‘elephantoid fever’ Not only is the expression ‘elephantoid fever’ an example of a ridicu- 
lously misapplied adjective, but it is misleading, as the fever that develops when seconda^ 
infection occurs in other filarial conditions, such as lymph or chyle varices, has exactly the 
same aetiology, and the expression ‘elephantoid fever’ applied in these cases would be even 
more ridiculous 
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ated mill n mild or se\ ere febiile attack, should arouse great suspicion Periodic 
febrile attacks alone m cases in u Inch malana can be axduded are also suggestn e 

(c) Clinical picture 

The acute painful desccndmg lymphangitis and lymphadenitis inth fe\er 
should alwajs be vieued inth suspicion in an endemic aiea, but they maj have 
other causes, the lymph larix, biavTij' oedema md elephantiasis of the limbs 
gcnif aha or breasts i\ ill be more characteristic, but are onl\ evadence of lymphatic, 
obstruction — the most common cause of nhich in the endemic aieas is, of course 
fihriasis — and not per sc of filanasis itself, and certain other lesions that com- 
monly occur in filariasis, such as hydrocele, are as likely to hav e some other cause, 
e\ en in endemic areas 

Wien hypertrophy occurs m othei regions where there is a good collateral 
Ijmph supply, c p the head or face, back, or buttock, it wall seldom if ever be due 
to filariasLs, and such conditions as diffuse fibromatosis, fibro-lipoma and von 
Recklinghausen’s disease should be considered Oedema due to other common 
causes, such as cardiac and lenal diseases, is usuallv bilateial, but angioneurotic 
oedema, like fihnasis, w ill usuallv be unilateral Too much w eight should not be 
Iilaced on the non-pittmg character of filarial oedema as it takes some time for the 
fibrotic changes to occur Hypopituitarism m ij also produce a condition sugges- 
tn e of filariasis, but the excess tissue mil haie a different character as well as 
being bilatcial 


(d) Laboratory exannnalions 

(i) Blood The oxammation of the blood for microfilaiiac has its strict limita- 
tions as a means of diagnosing filarial disease, see p 156, correlation between 
filnnul infection and filaiial disease 

Summarizmg these obseiiations, one can saj that the findmg of microfilariae 
indicates filarial infection, but not nccessanh filarial disease, failmo to find them 
docs not exclude eithei filaiial mfection or filaiial disease 

In countiics where the infection is transmitted bj Ctilcx faligans, or other 
night-biting mosquitoes, and the microfilariae show nocturnal iicriodiciti , the 
blood for examination must be taken between 10 o'clock at night and 2 o’clock in 
the morning, whereas in other countiies, such as Fiji, where it is transmitted b^ a 
diunial biter, the blood should bo taken at about 10 o’clock m the morning 

Technique Take about 20 cmro of blood, preferably an accurntclj measured qumlity , 
In 0 a bacmoglobinometer pipette, from the finger or car, and mnke a thick film on a per- 
ect j clean slide Allow it to dry, then etnm ninl delucmoglobinirc wath dilute Gicmsa’s 
wTl^ I'ni’^nff tboBtamvery carefulh — do not wash it off Dn tbcfilminairandcxamino 
l a low power lens Phe number of microfilariae will \an from one in many films to 
mni reds in one film by multiply mg the number per thick smear by 50, the number per cem 
Will be arrived at 

^ ^ftw ill sometimes bo w ortli employ ing a concentration method 1 ake 5 cem of blood from 
1 serum syringe into a centrifuge tube containing 10 cem of distilled water, mix 
fiiccT 1 blood IS hiked , place tw o or three threads of cotton w ool in the ccntri- 

n , centrifuge for 5 minutes with a hand or an electric centrifuge, pour off the super- 
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natant fluid, pick up the threads with a rough straight piece of wire, and examine the 
sediment with the Ion -power objective Microfilaria, if present, will be seen entangled in 
the cotton threads 

No assistance will be obtained from the blood count Eosinophiha, though 
frequently present, is too mconstant a findmg to be of either positive or negative 
value 

(n) Immunological tests A complement fixation test m which the antigen is 
prepared from the dog fifaria, Dirofilaria immitis, has proved successful but ap- 
parently IS dependent on the worm bemg alive 

The simpler mtradermal test has been used more widely, but there is considei- 
able variation m the technique used Aim 8000 Dirofilaria antigen mth 0 3 
per cent phenol, of which 0 01 ccm is given by means of a tuberculin sjxinge, 
gives a mmimum of false positive reactions, even m allergic mdividuals A weal 
of at least 1 ccm m diameter will mdicate a positive reaction A H Hamilton 
(personal communication), basmg his opmion on experience m the East Indies, 
considers that positive mtra-dermal tests with dirofilaria antigen are of little 
value, smce about two out of three normal natives vaU show positive results A 
negative test however he considers to be of the greatest value as excluding 
filarial mfection 

These mtradermal tests, for which a really satisfactory standard techmque has 
still to be found, mdicate rather the reactivity of the host than the presence of the 
worms Their particular usefulness will not be m a highly endemic area, but to 
diagnose an obscure lymphangitis m a patient who has at one time been m an 
endemic area but shows no rmcrofilariae m the blood A flocculation test with 
hydrocele fluid has a limited usefulness 

(m) Urine The nulky urme m chyluria can be identified "mth the naked eye 
For this method of exa min ation for filaria see p 171 above 

(e) Other procedures 

These mclude cystoscopy and pyelography to identify the sites of the ruptured 
l3Tnph Vances m chyluria, roentgenography to show the presence of calcified 
filariae, and gland biopsy to identify the adult worm 

PREVENTION 

This must be considered under two headmgs* A The prevention of the spread 
of mfection, and B the prevention of attacks m those already mfected 

A Prevention of the spread of infection 

The reader should lefer back to p 157 where the essentials for transmission and 
the factors concerned m endemicity are discussed These are. 

(i) The source of mfection, microfilanae m the penpheral blood of man 
(u) The vector mosquito 
(m) Susceptible man 

(iv) The links between (i) and (ii), and (u) and (in). 
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Tins aspect of prevention can be discussed shortly under each of these four 
headings 

(i) Man IS the only source of microfilaiiae, but m highly endemic areas a very 
large percentage of *he community ivill have them m their blood Further, there 
b no drug that has more than a very tempoiary effect on the microfilaiiae in the 
blood Therefore, any attempt at n holesale ‘sterilization’ of mfccted mdn iduals 
IS at present out of the question 

Segregation of infected communities should as far as possible be practised 
This may be advisable nhen labour forces, police, or armies aic recruited from 
endemic areas, and are to be employed in areas nhore transmission is possible 
Agam, the circumstances might be such that it would be advisable to weed out 
altogether those v ho had rmcrofilanae in their blood If this n ere decided upon, 
it Mould be advisable to examine several night-blood specimens fiom each 
mdmdual 

In endenuc areas, the highest mfection late is amongst the poorer classes of 
people who have made no attempt to protect themsehes from mosquito bites, 
so that the unmfected should build their houses i\ ell aw ay from poor-class dw ell- 
ings and should see that an3 servants that are allow ed to sleep m their houses are 
free from blood-microfilanae 

(u) Control of the transmittmg mosquito wall provide the most promising line 
of attack IVTuIe at least a dozen species belongmg to four genera, Culex, A edes, 
Taeniorhynduis, and Anopheles, have been found infected in nature and manj 
others have been infected ex'penmentallj'', Ciilcxfahgansis the predominant trans- 
nutter m India and in many other tropical countries It is a night-feeder, a 
TCdermdirtj and stagnant water, and comparative!} local m its habits, it is not 
therefore 101} difficult to control around dwelhngs b} the usual measures directed 
against either Ian ae or adults MTien it is asccrtauicd that some other species 

IS the mam transmitter m an} locaht} , special measures must be du-cctcd against 
at species The subject of mosquito control is be} ond the scope of this article 
th 1 ^ nothing to be said under this hcadmg as there is little es idence 

individual immunit} to mfection, and there is certamly no evi- 
possible to induce or mcrease such immunity 
“ uistitutions, or esen m households, mfccted persons must be kept in 
rooms, or at least under mosquito nets at night, m order to pre- 
ection of the local mosquitoes 

jjj '^rsely, for personal protection m mosquito-ndden endemic areas, sereen- 
PrecMt riots, suitable clothing, and repellents should alwa}s be used, as a 
ion agamst being bitten b} infected mosquitoes 

B The praention of ailacJ s in those already infedrd 

treasure is the removal of an} septic focas that might, 
''Uictwitg ? give rise to mfection at the ate of a dead worm, or m trssue 

fawamfe , ^3 filanal metabolites This ma} be an external one, c p a 

cc ion or dermatitis, or an internal one, e j , p} orrhoea, an apical abrccci. 
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septic tonsils, smuses, gall-bladdei , cervix, prostate, oi urinary tiact, or a bowel 
lesion, such as chionic amoebiasis or a Shigella infection Elimination of such a 
focus, e g of a subclmical amoebic infection by a course of carbarsone or diodo- 
qum, vuU often reduce appreciably the number of febrile attacks that a patient 
suffers 

This precaution should be taken m all infected persons whether they have 
suffered pre^^ous attacks or not 

However, as well as by removmg septic foci, persons who have already had 
attacks of filarial Ijunphangitis or some other filarial sjmdrome can reduce con- 
sideiably the chances of fuither attacks by mamtammg good general health and, 
if possible, movmg to a coolei chmate A recommendation to this effect usually 
can be made with a cleai conscience, as, even if such persons have microfilariae 
in their blood and there are Culex fatigans or other vectors m the locality, they 
will not be a source of danger to the new community amongst whom the}'' go to 
live, provided the temperature and humidity are outside the langes withm which 
transmission occurs (vide supra) It is, however, quite unnecessary to recom- 
mend such a measure as transfer to a cold chmate for an mfected person who has 
suffered no clmical attacks, except of course as a means of preventing further 
infection 


TREATMENT 

Introduction 

The tieatment of this condition is more unsatisfactoiy than that of almost any 
other tropical disease, but partly because of this and also because of the variety 
of the chnical conditions that occur m filanal infection, a very gieat deal has been 
■\\Titten on it It is proposed to treat the subject summaiily here It can best 
be considered under the folloiAong headings 
A Specific treatment 
B Treatment of secondary infections 
C The relief of lymphatic obstruction 
D Palliative treatment for special conditions 

A Specific treatment 

Ho true specific has yet been found, but theie does not seem to be any valid 
reason why at some future date one should not be expected Some drugs when 
given mtravenously appear to destio}'' the microfilariae, but this does nothing 
towards helpmg the patient, for the adult ivorm, which is not m the blood stream, 
IS left mtact ^^Tien the adult worm has once settled m the tissues, it is difficult 
to reach it The best method would be to mject some drug that is absorbed by 
the l3’mphatics, distally to the worm, so that it would get behmd it, so to speak, 
01, m the case of chyluria and other syndromes followmg chyle varix, a drug that 
would be absorbed from the mtestmal tract mto the lacteals It has been sug- 
gested that it would be dangerous to destroy all the worms in situ at one time, 
it rmght certainly cause a sharp reaction m heavil}^ infected cases, but, should we 
find such a drug, it v ould probably not be very difficult to temper the treatment 
to the hea-vily mfected 
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Antimonjl tartrates rroio used by Rogers in 1917 , but it Mas shoMU that these 
compounds had no effect on the mici ofiKiiae, although they had certam beneficial 
results on the pathological lesions pioduced b> the parasite Various other 
drugs have been suggested fiom time to tune The Filaiiasis Commission of the 
London School of Tropical Medicine, Morkrag in British Guiana m 1921 , e\pen- 
mented with many preparations but v ithoiit success S}stcmatic clinical e\- 
pcrimcnts Math various drugs have been cai ncd out b\ Rao at the Calcutta School 
of Tropical Medicine, duiiiig the last tnenty 3 eais Patients at various stages 
of the infection vveio treated b3 drugs nhose therapeutic efficiency in other pai- 
asitic infection was knoini The results ma3 be briefl}' stated 
Of the organo-metalhc compounds, soamm (atoxyl) appears to be most satis- 
faotor3 m controlling the symptoms in the eaih stages It can be given subcu- 
taneously, intramuscular^ , 01 intravenous^ , and is usualh non-to\io, although 
a fen exceptional^' susceptible pemons, who exhibit toxic s3mptoms even aftei 
the first injection, have been encountered There does not appear to be an3 
appreciable reduction m microtUana-count, ev on after a full course of treatment 
Math this drug, but m manj' cases the patients have remained free from fev er and 
lymphangitis for a long time after treatment Math soamm Certam otliei 
arsenic compounds, such as tr3 parsanude, novai-sonobillon and siilfarsenol, hav'e 
given almost as satisfactory results as soamm, tr> parsamide, given in 2 to 3 
gramme doses, mtrav enousl3 , appealed to control the svmptoms m chyhirm in 
particular 

Practically all available organic compounds containing antimon3 Mere investi- 
gated Of these the tnvalcnt compound Pouadm gave the most satisfactory 
results The drug can bo adrainistciod subcutaneouslv , intramuscularl3', or in- 
trav cnously and is non-toxac The effect of the drug on the filarial parasite seems 
to be temporai-3 , os the microfilariae reappear in the blood after the lapse of some 
days, though it ma}' bo sev oral m ceks before the3 roach their previous lev cl This 
drag usinll}' controls the mflammalion and fev'cr for a considerable time 
A recent addition to the antimon3 drugs used in this disease is aiithiomalme — 
lithium antimony thiomalate Some m orkers hav c claimed good results m reduc- 
ing the microfilaria counts, for several months at least It is given intramuscu- 
larly in doses of 2 ccra to 4 cem of a 0 per cent solution, according to the patient's 
tolerance, on alternate da3s, up to 10 doses 
Several vegetable drags viliich arc reported to be efficacious m allied helminthic 
infections Mere administered oralb and in some cases b3 injection Oil of clicn- 
opodiura appeared to give 8 atisfactor 3 results in some cases, Mhen given mtra- 
muscularh , it reduced the number of embrs os in the circulation and controlled 
the attacks of I5 mpliangitis, but the injections caused painful reactions 

B Treaimenl of secondary infections 

This should be considered under the headings 

(I) Local treatment 

(II) General chemotherapeutic treatment 

(ill) Vaccine treatment 

(iv) The search for and emdication of septic foci 
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(i) Local ireatment naturalty depend largely on the part affected and the 
nature of the lesions Ulcers on an elephantoid leg mil in some cases be bene- 
fitted by elevation of the hmb, follou ed by the application of powdered sulphona- 
mide to the ulcerated area and tight strappmg of the whole affected part of the 
hmb mth elastoplast or some similar material which must be left for several days 
For Ijunphangitis and lymphadenitis, ivhethei there is secondary infection or 
not, hot fomentations and local apphcation of heat b 3 '- the infra-red lamp will 
reheve the pam and reduce the mflammation 

(u) Of the general chemotlierapeuiic agents, the new ‘sulpha’ drugs have proved 
very useful m the treatment of secondary infections of all kmds and very satisfac- 
tory results have been obtamed in the treatment of such very serious conditions 
as epididymo-orchitis and funicuhtis by the admimstration of red prontosil, 
sulphapjTidme and sulphathiazole have also proved very effective, but it is prob- 
able that new and more effective anti-streptococcal drugs, e g , pemcilhn, will be 
m general use shortly 

(ui) Vacanes have been the mamstay m the treatment of many filarial lesions 
for some time, and it seems doubtful if the good effects claimed, and m some cases 
undoubtedly produced, can be attributed to the specific action of the vaccmes on 
the secondary infection The effect has probabl}’’ been that of non-specific pro- 
tem therapy m many cases This has obviously been the Ime of thought of some 
workers who have used typhoid vaccmes or imlk mjections 
A vaccme, consistmg of 10 million haemolytic streptococci of many strams and 
50 milhon staphylococci of several strams of aureus and alhus, has been used by 
Rao at the Calcutta School of Tropical Medicme over a peiiod of 15 years in more 
than 50,000 cases The vaccine is given mtiacutaneously m doses of 0 02 to 0 1 
ccm twice weekly up to a total of 15 to 20 injections The amehorative effects 
have been sufficiently encouiagmg for him to considei that, m the absence of a 
specific, this IS the best treatment to give, even when there is no evidence of sec- 
ondary infection Other workers have used autogenous vaccmes, and claim sat- 
isfactory'' results 

(iv) The septic focus that gives rise to the haematogenous infections should be 
sought and removed {see above p 173) 

C The rehef of hjmphaUc dbstruchon 

Attendance to the geneial health of the patient is important, and very' often 
if the patient is sent away'' to a place mth a more bracmg climate, there ivill be 
some 1 eduction m the size of the limb and therefore presumably an impiovement 
m ly'mphatic dramage 

Durmg an attack of lymphangitis the obstruction is temporarily mcreased by 
the mflammation and oedema, and the speed mth which the permanent fibrotic 
obstruction develops will depend to a large extent on how long this is allowed to 
persist, so that rapid relief is important This is helped by rest, elevation of the 
limb, and, if it is not too tender, firm bandagmg mth an elastic bandage Vaccine 
and non-specific protem treatment are also useful m this capacity 

For relief m the quiescent stage, surgeons have devised innumerable operations 
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lor the re-establishment of lymphatic dramage, wth little evidence of success 
Better results are obtained even at this state by bandaging the limb tightly 
Sea oral forms of permanent bandage have been devised, some are made of elastic 
■nebbmg and others of more rigid material, such as muslin or even canvas, but 
fitted mth zip fasteners at the top and bottom, so that the pressure can be regu- 
lated and released n hen necessarj By this means support is gii en to the distal 
lymph vessels and drainage tlirough collateral lymph channels is encouraged, 
massage and exercise aid this 

D PaUtalive measures 

Very often the first demand on the attending phy sician will be for the treatment 
of the acute lymphangitic attack and this subject has not been specifically 
COT ered above Rest, elevation of the hmb, hot fomentations, infra-red rays or 
even short-waie diathermy apphed locally, follmied by soothing applications, 
such as lead or calamme lotions, should be the immediate local treatment, ivith 
aspinn and phenacetin by mouth, if this is insufficient, it mil be justifiable to 
give morphia, but it should seldom be necessary' to repeat this A brisk saline 
purgative, a light diet, rest and the continuance of the local treatment, and per- 
haps a sleeping draught for the next few nights will be sufficient to help the 
patient through an uncompheated attack, but, if there is any evidence or even 
any suggestion of there bemg secondary mfection, it mil bo ns well to give sul- 
phonamides and possibly the othei treatment recommended for secondary' mfcc- 
tion {vide supra) 

In certam cases, m order to relieve the pressure — and therefore the pam — 
dunng an acute attack, small skm incisions have been made with a very sharp 
knife and a local anaesthetic under aseptic conditions, through those, lymph 
drains and relieves the tension, but the procedure is not to be recommended as 
permanent smuses may remam and these are not only troublesome to the patient 
but may later become infected 

The iiiconx emence and discomfort of massn e elephantiasis of a hmb mil some- 
times be leheved bv Aiicliincloss’ operation, or some modification of it In this 
operation, two parallel skm incisions joined at each end by a V-shaped incision 
are made in the long diameter of the hmb, a wedge-shaped piece of skin and blub- 
bory tissue is romoi ed, the skm under-cut on each side and then drawn together, 
and the w mind closed If possible painful spots, from w hich the patient may m- 
dicatc that the attacks usually start, arc included in the w edges i emoved Some 
temporary relief from the reduction in the diaractcr and tension in the hmb is 
often achiOTcd by this procedure Amputation is seldom if eier a justifiable 
expedient 

Large scrotal swellmgs haic frequently been removed by operation verv suc- 
cessfully As these swellings may reach a weight of one, or even two, hundred 
pounds, their remov al is a v erv great relief to the patient This also applies to 
elephantiasis of the mamma and vmlva, but, if operation is undertaken, nothing 
short of complete removal should bo attempted ' 

Chyhina should lie treated by complete rest, the elimination of all fat from the 
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diet, and saline apeiients If theie are clots in the bladder, this may have to be 
washed out with warm boric lotion of 2 per cent sodium citrate m noimal salme 
Silver nitrate, 1 m 2000 solution, is also recommended as a bladder wash, it has 
some styptic action When cystoscopy shows that the leakage is in the bladder 
and IS very limited, fulguration has been used, but its application is very limited 

PROGNOSIS 

Filanasis is not a fatal mfection and the expectation of hfe of the filarial subject 
IS not materially decreased There are a few of the rarer comphcations of ob- 
struction of the deep lymphatics, such as acute fumcuhtis which usually leads to 
peiitonitis, that are very fatal, but they occui in a very small percentage of the 
persons attacked Agam, in cases of extensive elephantiasis, ulceration and 
sepsis may cause exhaustion and eventually death 
Many filarial subjects attam a considerable age, and it has even been suggested 
that the enforced mactivity which the disease may entail actually tends to 
lengthen the expectation of life 

Acknowledgment The Avriter obtamed much of his mterest m and personal 
experience of filanasis thiough his personal association during the past twenty 
years with Dr S Sundara Rao, filanasis research worker at the Calcutta School 
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MENINGEAL AND VASCULAR SYPHILIS OE THE SPINAL CORD 

R\YMOND D ADAMS, M D , and H HOUSTON MERRITT, M D 

From the Department of Neurology, Harvard Medical School, and the Neurological Unit, 
Boston City Hospital 

The presentation of this material is prompted by the comparative scarcity in 
the medical literature of authontative accounts of spinal syphihs One form of 
SiTilulitic spinal cord disease, viz , tabes dorsalis, is veil knoivn to practitioners 
of neurology and syphilology, but the less common forms of spinal S3Tilulis 
are poorly understood In this review we shall attempt a simple exposition of 
the syndromes produced by syphilis of the memnges and blood x’essels of the 
spmal cord, and of the neurological pnnciples required for an understanding of 
them IVliereier possible illustrative case material is appended 
The classification submitted below is based on pathological changes and is 
useful for purposes of simplified objective descnption It makes no pretense 
to finality and may haie to be modified os the pathology of these morbid states 
IS further elucidated 

A Syphtlilic mcnmgomyeblts which includes Amyotropic Mcningomyelitis 
(Martin), Syphilitic Spastic Paraplegia (Erb), Amyotrophic Syphihtic Mychtis 
(Levi), and Sjstematizcd Spmal Scleroses (Wilson) 

B Spinal lascitlar syphilis (Singer) 

C Syphilitic spinal pachymeningitis 

1 Gumma of spinal cord 

2 Syphilitic hjportrophic pachymeningitis (Jottroj and Charcot) 

D Syphilitic poliomyelitis (Gowers) 

Many of the above terms were inxented m pre-Wnssermann dajs and have 
been perpetuated although pathological confirmation of some of them is still 
lacking The first group, Mcningomyelitis, is the most common and best knowm 
form of spinal syphilis and manifests itself by sensory loss, bladder and leg 
panijsis and muscle atrophy Each possible combuiation of these symptoms 
has, at some time, been desenbed as a separate disease but since all liavo a com- 
mon pathological substratum, we haxe chosen to classify them together The 
second group, syphilitic spinal thrombosis, often called acute transxerso syphilitic 
mjolitis, is a well known form of spmal syphihs and requires no further explana- 
tion Syphilitic spinal pachymeningitis is an inflammation, either intense and 
focalized (gumma) or moderate and diffuse OiJ perplnstic pachjaneningitis), 
m and round the spmal dura In classifying both these morbid conditions under 
one rubno, we support the supposition that thej arc but variants of the same 
pathological process Either maj lead to spinal cord compression, to occlusion 
of spinal artcncs and secondarj necrosis and cavitation, and (o degeneration of 
V entml and dorsal roots of the affected cord segments Concerning the last 
subdn ision, sirphilthc poliomyelitis, there arc wadelj div'crgcnt opinions True 
it is that localized muscle atrophj maj occur in tabetic ncurosyphihs (tabetic 
amjotrophj), meningomj elitis (amj totroplno memngomjclitis), spinal vascular 

ISI 
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syphilis and syphihtic hypertrophic spmal pachymeningitis but it is doubtful 
whether a chronic syphihtic pohomyehtis, similar to the progressive muscular 
atrophy of Aran-Duchenne exists as a separate entity 


HISTORY 


Clear distmctions between diseases of the vertebral column and spmal cord 
were not appreciated before the middle of the last century Then followed an 
era when all affections of the spmal cord were classed under the epithet 
“myehtis ” With the gradual separation of such clmical and pathological en- 
tities as multiple sclerosis by Cruveilhier, tabes dorsalis by Romberg and 
Duchenne and synngom 3 '’eha by Gull, it was learned that syphihs was the cause 
of a fairly large percentage of the remaimng spinal cord syndiomes 

Descriptions of spmal symptom complexes by many of the gieat clmicians of 
the nmeteenth centuiy preceded by many years the pathologic study of these 
same conditions Graves (1) in 1848 described a case of progressive muscular 
atrophy due to syphdis m his “Clmical Lectures on the Practice of Medicine ” 
The patient had suffeied a slowly progressive wasting of the muscles of the nght 
hand and arm By the admmistration of mercury the progress of the disease 
was halted and was therefore attributed to syphilis Gowers (2) was also aware 
that muscular atiophy could succeed syphilis when no othei cause was traceable 
Smce then Dana (3), Mane and Levi (4), Mackay and Hall (5), Spiller (21) 
and many others have ^vntten on this topic 

Leyden (6) m 1874 reported cases presentmg the clinical pictuie of acute 
syphilitic myelitis By 1896 Orlofsky (14) was able to collect ovei 50 cases from 
the literature and to these he added 20 cases from his own Moscow clinic thus 
forming one of the largest senes and most cntical analyses up to that time 
Gowers (2), Singer (7), Cole (8), and Chung (9) have reported many other cases 
and then w’^ntmgs aie recommended to those students who wish to study the 
details of this condition 

Erb (10) m 1892 described a form of spastic paraplegia which he attnbuted to 
syphilis Though lacking pathologic corroboration by even a smgle case, he 
and his pupil Kuh asserted that the disease ivas a primary sclerosis of the lateral 
and posterior columns paiticularly in the thoracic segments of the cord The 
chnical features consisted of a gradual development of spastic paralysis of the 
lowmi extremities and bladder and “sensory disturbances that were either slight, 


severe oi absent ” Oppenheim (11), and Leyden (6) later expressed the opimon 
that Eib’s symptom-complex may occur m either syphilitic or non-syphihtic 
spmal cord diseases and tliat m the latter it could represent any one of several 


disease processes such as amyotrophic lateial sclerosis, famihal spastic para- 
plegia, etc Other clinical valiants Avhich we now recognize as syplulitic men- 
mgomyelitis Avere desciibed by French, German and English writers Petr^n 
(12) reported 34 cases of Browm-Sequard s 3 mdiome among them several due to 
spinal neuros 3 q)hilis ISFonne (13) and Oppenheim (11), Tooth and Hinds- 
How^ell (15) have lecoided cases m which both tabes dorsalis and vanous forms 
of syphilitic meningomyelitis Avere present thus producing a combined postero- 


lateral sclerosis 
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Charcot (IG) m 1871 and Joffroy (17) in 1873 described a condition still gen- 
erally known as hj-pertrophio cervical pachymeningitis in winch cemcal pains, 
paresthesia, blunting of sensation and atrophy of muscles in hands and arms 
Mere followed by spastic paraplegia and sphmetenc disorder Rhein (22), in 
1908, was able to collect 35 cases of siTihilitic hypertrophic pachymemngitis with 
secondary synngomjelia from the literature It is improbable that all of these 
cases would meet the modern criteria required for the diagnosis of nourosyphihs 
Contnbutions to the pathologj of spinal syphilis have hardly kept pace with 
the clinical descriptions Though Virchow and Rokitansky were familiar with 
inflammation of the soft spinal meninges and the formation of gummata in the 
spinal meninges and cord, it remained for Bastnn (18) to first point out that 
thrombotic occlusion of spinal arteries was the cause of acute myelitis Singer 
(7) in 1002 studied, pathologically, two such cases and concluded that Heubner’s 
type of endarteritis, thrombosis of spinal arteries and myelomalacia was by far 
the most common antecedent of acute syphilitic myelitis 'Tlie researches of 
Raymond (19) in 1891, Wilson (20) in 1911, Spiller (21) in 1912, Martm (23) 
in 1925 ha\e all contributed importantly to our understanding of the basic 
pathology of these climcal \annnts of syphilitic memngomyehtis 

ANATOMICAL AND PKISIOLOGICAL CONSIDERATIONS 

Tlie special chamotonstics of spinal syphilis and the many diverse syndromes 
depend on certain anatomical peculiarities of the spinal cord A. few basic 
anatomical and ph\ siological facts are required for on understanding of those 
clinical neurological symptoms For further details standard te\tbooks of 
anatomy and physiology should bo consulted 
Tlie spinal coid is a cylinder of nerv ous tissue which extends from the foramen 
magnum to the level of the 1st lumbar vertebra and is composed of 31 segments 
It functions as a conducting mechanism and ns a center for certain roflcK somatic 
and visceral aetiMtics On cross section the cord is found to consist of white 
matter or myelinated nerve fibers on the outside and gray matter or nenc cells 
m the form of an II on the inside These penphemlly placed none fibers of the 
white matter conduct sensory impulses which finally roach the cerobellura or 
cerebrum and motor impulses from cerebrum and brain stem to cells m the 
antenor and lateral liorns of the spinal cord These fibers are divided into tracts, 
the most important of which arc 

Uncrospcit primary sensory neurones conveying impulses for 
proprioception, vibration, and Iiglit touch to nuclei in the 
mcduHft whence the impulses arc rilnycd to the tlmhirnus or 
cerebellum 

Crossed tract for conduction of thermal nnd pain impulses 
to Ihe thalnmiis 

Crossed tract conducting sensory impulses for light touch to 
the tlmlnmus 

tincrossed and erosstd tracts which mi dinto impulses for uii 
conscious proprioception to the cerebellum 


Asecndiiig tracts 

Tracts of Goll anil 
lliirdach 


Lntcral spinothats 
mic tract 

Ventral spinothalft 
line tract 

Borsfll nnd vcntrsl 
apinocorebellnr 
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Descending tracts 
Corticospinal tract 

Vestibulospinal 

tract 

Reticulospinal 

tracts 


Fibers from the cerebral cortex which decussate in medulla and 
provide voluntary control of segmental motor neurones 
Which conducts impulses from the vestibular nuclei to seg- 
mental motor neurones subserving postural adjustments 
A heterogeneous group of fibers connecting various brain stem 
nuclei to segmental neurones 


Each segment of the spmal cord receives (afferent) a dorsal sensory root com- 
posed of the axones of the spmal ganghon cells and gives off (efferent) a ventral 
motor root, the axones of cell bodies which he m the anterior and lateral horns 
of the gray matter Each dorsal and ventral root on one side of a spmal segment 
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join to form a spmal nerve Together they form the pathway for the simplest 
physiological reaction m the nervous system, the segmental reflex 

Sptnal cord syndromes 

The distmgmshmg characteristics of the multiform symptom complexes de- 
pend on the speed, location and extent of the damage to these spmal structures 
A Complete transection When the spmal cord is transected by either an 
mflammatory or vascular lesion, the segments below the lesion are isolated 
The higher centers of the bram function normally but the patient loses sensi- 
bility and voluntary motoi control ovei those parts of the body below the lesion 
At fi.rst the patient is m a condition of “spmal shock”, all reflexes are abolished, 
muscle tone is lackmg, and the bladder and rectum are paralyzed After an 
interval of two or three weeks, unless mfection or other factors supervene, this 
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condition of “spinal shock” disappears The tendon reflexes then become 
lively but poorly sustained and spmal flexor or xnthdraual reflexes, of nhich the 
Babmski sign is a fragment, are present Also certam involuntary muscle con- 
tractions, often in both the flexor muscles of legs and abdomen, occur whenever 
a painful stimulus is applied These contractions are teimed “flexor spasms” 
and the tendency for many different muscle groups to contract synchronously 
results in the so called "mass reflex ” Owing to contmuous activity of the 
flexor reflexes the legs may assume a posture of flexion and adduction with forma- 
tion of contractures Paralysis of legs with a prcdommating flexor posture is 
called “paraplegia m flexion,” and mdicates complete or almost complete cord 
transection 
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B Incompkic IransccUon If the spinal cord is partiallj sepamted from 
higher centers bj a lesion of any tjTie, a state of “spinal shock” identical to the 
above may develop but with rctuni of reflex activity certain differences from 
the “spmal man” desenbed abov e inaj be noted Tlicsc differences jirobablj 
depend on the integrity of the vestibulospinal and reticulospinal tracts which 
subserve postural adjustments Tlie degree of paralysis and seventj of sensory 
loss will varv vvalh the extent of damage to the corticospinal and seiisoiv tracts, 
Kspottivelv Reflex activilj wall be lieightcned and the legs will Im spastic 
omin il reflexes wall lie lost and Babinski signs arc jircseiit The legs retain 
a postuic of extension duo to predominance of the antignvvitj reflexes llie 
>*1 cr u SO becomes spistic Iimitod c^ip'^icitj nnd imoliintai'j ejection of 
urim w soever (he pressure of fluid vvathm Uie bladder reaches a certain height 
(re ex aiitonntic bladder) Paraljsis of the legs m a posture of extension is 
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termed "'paraplegia m extension” and probably signifies an incompletely damaged 
cord In neithei this nor the condition of paraplegia m flexion, do the muscles 
become wasted or atrophic 

C Partial injury Partial injury of the spmal cord produces several distinct 
symptom-complexes dependmg upon which systems suffer the greatest injury 
Some of the best known examples are 

1 Brown-S6quard syndrome ivhich results from section of either the light or 
left half of the cord Above the level of the hemisection there Mill, of course, 
be no clinical signs At the level of the lesion, if several successive segments 
are damaged, atrophy of muscles, abolition of reflexes and anesthesia Mill ensue 
TIelow the level on the same side as the lesion, there will be motor paralysis of 
leg and impairment of posteiior column sensation (vibration, position sense, 
pioprioception) and on the side opposite to the lesion, loss of pain and tempera- 
tuie sense will occur This crossed sensory disturbance is explained by the de- 
cussation of pain and temperature fibers withm one or two segments from the 
level of entry Light touch, which is earned in both the uncrossed posterior 
columns of Goll and Burdach and m the crossed anterior spinothalamic tract, 
mil not be affected to a detectable degree, nor will bladder function be disturbed 

2 Amyotrophy If the anterior horn cells are destroyed ovei several segments 
of the cord, paralysis, muscle atrophy (amyotrophy) and areflexia mil appear , 
Damage to the ventral roots will produce the same effects The climcal picture 
would be analogous to that of acute poliomyelitis or progressive muscular 
atrophy If one or more long ascendmg or descending tracts are interrupted, 
signs of corticospmal tract damage or sensory impairment may be conjoined A 
combmation of amyotrophy and p 3 Tamidal tract involvement comprises the 
clmical picture of amyotrophic lateral sclerosis 

3 Tabetic syndrome Destruction of the posterior or dorsal columns causes 
sensory ataxia which consists of faulty coordmation of muscle movements due to 
defect of proprioceptive sense, impairment of vibiatory sense, astereognosis and 
areflexia There is usually some degree of cutaneous sensory defect Muscle 
atiophy and paralysis do not occur This is precisely the state of affaiis m 
tabetic neurosyphilis but such lesions may be produced by other diseases 

4 Combined system disease Sensory ataxia due to disease of posterior columns 
and motor paralysis resultmg from destruction of corticospinal tracts, comprise 
the syndrome of ataxic paraplegia This syndrome is most commonly associ- 
ated mth pernicious aneima but may occur in syphilitic meningomyelitis, multi- 
ple sclerosis and cord tumor 

5 “Synngomyelic” S 3 mdrome A lesion m the center of the coid which has a 
vertical extent of several segments may interrupt the decussatmg pain and tem- 
perature fibers The sensory fibers m the postenor columns, which do not 
decussate, are spared Clmically the lesion wall manifest itself by dissociate 
sensoiy loss ovei the affected segments, i e , loss of pain and temperatuie vi i 
preservation of light touch, position sense, vibratory sense This is character- 
istic of syimgomyelia but may be caused by any similarly placed lesion fro 
whatever cause 
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Circulation The circulation of the spinal cord is by May of one an tenor 
spinal artery and tMO postenor spinal artenes Tlie antenor spinal artery is 
formed by a union of a small branch from each vertebral artery and descends in 
the midhne to about the level of 4th or 5th cervical segments Belov, this point 
It receives tnbutanes from the lateral spinal artenes Mhich are branches of the 
intercostals and lumbar artenes These collaterals, some of uhich are qmte 
large and others small, enter the spinal canal along the v’entral nerve roots and 
supply most of the thoracic and lumbosacral cord The anterior spinal artery 
nounshes the antenor tu o tlurds of the spinal cord including the antenor horns 
of gray matter, the corticospinal and lateral spinothalamic tracts If this 
V os'sel is occluded m the cervical legion there is a sudden onset of paralj'Sis of all 
four extremities, bladder and rectum, and loss or impairment of pain and tem- 
perature sensation below that level There is atiophic paralyTSis of arms and 
hands (antenor horn cell destruction) and spastic paralysis of kgs (cortico- 
spinal tract damage) Occlusion of this vessel in the thoracic region uall produce 
a similar effect except that the aims arc spared If the arterial occlusion is in 
the lumbar region, the clinical signs mil consist of atrophic paiaplcgia mth dis- 
turbances of unnation, defecation, and impairment of pain and temperature 
sensation 

Tlio posterior spinal artenes also begm from above as branches of the vertcbml 
artenes but descend separately in the posterolateral sulcus Tlicy too receive 
important collaterals fiom the subclavian, intercostal and lumbar artenes by 
way of the dorsal nen e roots Being smaller and supplying only a region of the 
postenor horns of gray m ittcr and posterior columns, occlusion of these vessels 
produces no dramatic effects 

PATHOLOGY OP SPINAL SYPHILIS 

A pure form of spinal syTilulis Mithout lesions in the brain is exceptional 
Usually there is pathological ciidence of inY'ohcment of sevornl portions of the 
neuraxis 

Probabh the basic pathologic lesion in spinal syTilulis is a chronic inflamma- 
tion of the spinal meninges, a chronic spinal leptomeningitis Grossly the nor- 
mal translucency of the arachnoid is altciod to an opaque, milkv-Mlutcncss mImcIi 
tends to obscure the underlyang vessels and surface markings of the spinal corrl 
This membnne is also thickened and attached to the pia by coarse trabcculie 
Tlieso changes are more noticeable over the postenor surface of the cord They 
mav be generahred patchy oi dilTuse No gioss exudate is demonstrable 

Ihe microscopic appearance is that of mcnuigoal infilli-ition consisting en- 
tirely of lymphocytes and plasma cells Tlic penvuscular or Virchow -11 ohm 
space of tlic more penpher'illv placed vessels may contain collections of the 
same cells Dcixinding on the age of the lesion, there wall ho proliferation of 
fihrohliLsts and aclivalion of Instiocvles or m icrophagcs 
\\ lien the mcnuigcal uillamraation is anite and of hi lef dunit lOn it may rc=ol v t 
lompletdv having no trace of meningeal fibrosis However, when the infl.im- 
mitorv reaction is long continued, there will transpire a dcgonemfive procc“'Si 
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which may either damage dorsal roots (? tabetic neurosypbilis) and ventral 
roots (amyotrophjr) or the penpherally placed fibers of the spmal cord (meningo- 
myehtis) If the disease is sufficiently advanced, macroscopic examination will 
disclose atrophy of dorsal oi lateral columns of white matter and a grayness of 
the white mattei that renders it less distmguishable from the central gray matter 
Then too, either dorsal or ventral roots may be wasted and gray m compamon 
to the white rounded appeaiance of unaffected roots 

Histological changes vary with the age of the lesion and activity of the process 
If active, exudence of menmgeal inflammation xvill be found whereas m the m- 
active stage leptomemngitis is shght or absent 

In the acute stage the penpheral portions of the cord adjacent to pia and along 
the fibrous tissue trabeculae are infiltrated by mflammatory cells and macro- 
phages filled with products of degeneratmg myelm Nerve fiberS disappear and 
are replaced by fibrous tissue m the loots and neurogha m the cord This de- 
struction of mj'-elmated neive fibers may be so slow" that the products of myehn 
dismtegration and phagocytosis by histiocytes wall not be noticeable 

Just how the spinal cord and roots become damaged by a chronic leptomenm- 
gitis IS difficult to ascertam It is possible that the spirochetes provoke a lepto- 
menmgitis and also act on the adjacent tissues This seems, to us, much more 
reasonable than any such mechamsm of retarded spmal fluid circulation as pro- 
pounded by Hassin (24) Just what relation the aitentic lesions bear to the 
chronic menmgeal pi ocess and the parenchymatous degeneration, is not clear In 
a large number of cases both meningitis and arteritis are found The typical 
vessel change is exactly the same as that xvlnch has been descnbed as “Heubner’s 
Endarteiitis'' i e , the adventitia and media of the vessel wall are infiltrated 
wuth lymphocytes and plasma cells and the submtimal fibroblasts prohferate 
xvith narrowing of the lumen of the vessel Whenever these diseased vessels 
become thrombosed, as not mfiequentlj'' happens, there wiU suddenly appear 
a group of chmcal signs and pathologic reactions which are classed as spmal 
cord infarction or myelomalacia It is usually difficult to locate the thrombosed 
artery unless at the time the cord is lemoved, great caie is taken to move blood 
along the menmgeal vessels to test their patency The spmal cord m the in- 
farcted region wall soften to the point of liquefaction withm a few days and after 
weeks or months a cyst-hke caxuty will be formed Fmally the mfaicted region 
of the cord will exist as a slender, shnvelled stracture covered by thickened 
yellowish membranes The microscopic picture vanes wuth the age of the in- 
farct, which undeigoes the same changes as occur m mfarcts in the biain The 
histopathology will differ from that of atherosclerosis with thrombosis and 
m 3 "elomalacia (a very rare condition) only m the degree of lymphocytic and 
plasma cell mfiltiation There wall be secondary degeneration of ascendmg and 
descending tracts 

In an mtense sjqihilitic infection of the memnges and spmal cord a gumma may 
form The pathogenesis of gumma is not knowm Grossly a gumma of spinal 
memnges is similar m appearance to one in any other organ It consists of a 
ymllowish, nibbeiy" nodular lesion usually m or around the dura but often com- 
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aiteua] disease and gianuloma foimation, it is not suipiismg that almost e\eiy 
conceivable coid disease may be simulated clinically by spinal syphilis No 
one of these pathologic leactions is absolutely pathognomonic of sj^phihs but 
taken as a gioup they aie highly chaiacteiistic 

Frequency of spinal syphilis 

S 3 ^phihs of the spinal coid is a clinical laiity Theie veie 31 cases of spinal 
S 3 ^philis among 2231 syphilitic patients at the Boston City Hospital This com- 
piises less than one pei cent of the total numbei, an incidence about one tenth 
that of tabetic neuiosyphilis This figuie is m agieement with the statistics of 
Eib, Fouiniei, Mane and Geihaidt 

ANALYSIS OP CLINICAL DATA 

The lelative fiequency of the vanous types ol spinal syphilis, as sliovn in 
Table I, is m geneial agieement with the figuies ol othei mvestigatois 

TABLE I 

Frequency oj various types of spinal syphiHs 


A Syphilitic meningomyelitis 15 cases 

B Spinal vasculai syphilis 10 cases 

C Syphilitic spinal pachjmieningitis 

1 Gumma of spinal cord 3 cases 

2 Syphilitic hypciti opine ceivical pacliymcningifis 1 t.ise 

13 Syphilitic poliomyelitis ^1 case 

E Spinal coid compression 

1 Gumma of vcitcbia 0 cases 

2 Aortic aneurysm 1 cise 


DistnbiUion As in othei foims of neuiosj'^philis this foim of the disease 
occuis piepondeiantly m males The lalio of men to women in oiu senes was 
about foui to one Oui data peimit of no geneial statements legaiding lacial, 
occupational, oi social gioup incidence 

Aqc incidence The age at vhich the clinical symptoms veie fust manifested 
vaned between 34 and 04 3 ^cais The majonty of the patients weie in the fifth 
decade of life 

LalenL inteival The mteival elapsing between the initial s.yphihlic infection 
and the fust symptoms of spinal sjphilis could not alvays be ascei tamed because 
of ignoiance of piimaiy infection m manj’- instances This mteival vaned he- 
tveen a fe\\ months and 25 veais In geneial syphilitic spinal thiombosis de- 
veloped soonei than meningom 3 mhtis, nith an aveiage of 6 3 'eais foi the foimei 
as compaied to 24 3 mais foi the lattei The numbei of the cases is too small foi 
these figuies to have any validity 

Piemous iicalmenl 0\ei tvo thuds of oui patients had leceived no anli- 
& 3 qihihtic tieatment and m the lemamdei the tieatment vas inadequate ac- 
coiding to modem slandaids 
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SP MPTOMATOLOGP 

Iho sj mptoms -mcl signs of the difTeicnt foimsof spinnl spphilis iie so (incise 
tiint nm pffoit at schematization will ine\itabh fail to include abeinnt cases 
While the lueiage case is easih recognized, exception il cases map simulate 
almost epcip known spin il coid disease It is of p duo to distinguish between 
spinal cold gumma and pac lip meningitis, spmd p'asculai spphihs and mcningo 
mpditis because of the impoitanee of exact diagnosis m diiocting treatment and 
judging jiiognosis m an mdn idiial case Thciefoic, each of these tp pes of spinal 
neiiiosp phihs will be discussed as scpai ptc climcil entities The leidei must 
lemembti that these foinis often meige oi operlap 

Sijmptomalology of itjplithtic mrninqomycbh'i 
In a 1 iige majoiitp of cases the onset of the disease is so hiskIious that the pa- 
tient IS unable accuiptclp to date the fust spmptom The (ouis,e is painble 
it IS iisiialh piogiessne but map oicasionalh be punctu itcd bp iciitc episodes 
It map howepoi, undcigo spontaneous aiiest but a complete leinission, so di ii- 
actoiistic of multiple hclciosis, does not occui 

The adpont of the illnc«s is most ajit to be iiuhcalcd bp weakness oi piicsthcsi i 
of kgs less often sphuictei distuibanccs inaik the onset In a few cises 
sopeio puns opei back and cnciicling the tiunk lie the fust spmptoms 

Ihe ininoipd sjinploms iiid signs aic pii ipucsis oi paraplegia, iiimaip mil 
feed incoiilincnce iiid sensoii disoiders (oiisisting of puns, piiestliesia and 
siiisoip impuimenl of piupiiig degiee Often the eiihist spmptom, weikniss 
01 Stillness of legs is almost mpariable m the htd stages of the illness llotli 
kgs ate usudlp iiipohdl simultaueousK Ihe piticnt tomiilains that his legs 
lie fired, stiff, iiid (ximination discloses weikness, spisfiiifp, incieased tendon 
jerks and extciisoi plantai lesiionsis Absent abdomin d leflexcs and ankle 
doiiiis lie also jiKseiit Jlie gut is slow, stiff, and feet S(i ipc on the gioiind 
\s the discise piogicssis weakness pioiccds to ilmost complete pmlpsis hut, 
eien m late st iges, some mopement is still possible iiid legs lemaiii m i position 
of extension 

1 he st itc of the sphiiii ters Is neailp alwaxs idt( red soonei orlaUi Miiliiri- 
tion becomes fiecincnt and ineiipitite The pificnt lomplnitis of diftitulfp m 
stilting to uiinatc, in loiiipUtdx emptxing the hladdei oi in icfniimng fiom 
the act when the oci ision is unsuit ible Ihe (ontiol of the bowels is simil iilp 
though less obp loiish , affi'cted 

‘'Ciisoii disoukis lie the most p iriable pirt of the piduie Subject iie s( ns i- 
lions of the natinc of numbnes.s, eoldnes-s, fingliiig aie often felt Omlle spnsi- 
timis ( oiisisting of tightness, sense of i onstrielion, in ip lie pre-i nt Oeeasionallp 
SOP ire puns OP Cl spine, iroiind the ti link oi mdintmg to tin legs iie < xiierieneed 
III the Ixgimimg oi during thi i oiii^e of the illness Viiiless t iIk tii neuiospjihihs 
Is ( niijomed till puns iit not of tin elinrii ter of lightning ji ims oi g istiie i rw s 
Obji dipc spnsoip loss IS not alwaxseisx to deinoiistrati Iinpairnuiit of pibii- 
toip iiiil position s( use m fiet mil legs is iisiialK jiresent Kirelp aretiifili, 
till mill or pun sin-ibilitp (hmmisheii to the smie dtgne A ddinile sen-orp 
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level IS found m only about one thud of the cases Due to loss of position sense 
ata\ia may be piesent so that the gait is one of ataxic paiaplegia 
When vential loots aie involved by the moibid piocess, muscle atiophy, loss 
of tendon leflexes and fasciculai twitchings occui In the Imvei ceivical legion 
atiophy of hand muscles develops, if the lumbai segments are the site of the most 
severe pathologic alteiation, similai changes appeal m the legs To the total 
clinical pictuie thus is added an amyotiophj'- 

At ail}'' point m the evolution of the disease mental symptoms or cianial neive 
palsies may develop Memngomyehtis may appeal in the couise of tabetic oi 
paietic neuiosyphilis Spinal aiteiies may become suddenly thiombosed 


TABLE II 


Syynploms and signs of syphihltc mcningomyehtis 
Analysis of 15 cases — Nemological Unit— Boston Cit 3 ’^ Hospital 


Age 34-64 (average 49 \ears) 


Associated mental symptoms 

26% 

Se\ 12 male, 3 female 


Diplopia 

6 7% 

Pnmaij’^'Secondarv sj^philis 

46 5% 

Deafness 

6 7% 

Latent interval (aveiage 21 jeais) 


Abnoimal pupils 

46 6% 

Previous treatment 


Reflex changes 


None 

65% 

Hypei active in legs 

60% 

Inadequate 

35% 

Absent in legs 

20% 

Alodo of onset and couise 


Ilypei active in arms 

40% 

Insidious and piogiessive 

73% 

Absent in aims 

6 7% 

Subacute 

14% 

Babinski 

80% 

\cuto 

13% 

Spasticity of legs 

10% 

Weakness oi paialysis 


Sensoiy distuihanee 


Legs only 

67% 

Level — ^ present in 

33% 

Arms onl}' 

7% 

Diniin deep sensation 

73% 

Legs and arms 

20% 

Dimin cutaneous sensation 

60% 

Sphinctei disoideis 


Ataxia — Romberg sign 

46 5% 

Bladdei 

60% 

Muscle atrophj' 


Bon el 

20% 

Arms 

26 6% 

Barest liesms 

46 5% 

Legs 

13 4% 

Pain 

33% 

Muscle fasci dilations 

6 7% 


conveitmg the spastic paiapaiesis to a flaccid paraplegia vith uiinaiy letention 
and anesthesia (spinal vasculai neuiosyphilis) 


Case I Syphihltc memngomyehtis 

Giadually developing paiaplegia vith sensoiy loss and sphinctei incontinence 
Hislouy The patient, a 52 yeai old vaitiess, had been followed m the medical 
out patient depaitment foi seveial yeais because of caidiac decompensation 
which lequiied digitalis and caieiul caidiac legime Seveial times it was neces- 
saiy to admit hei to the medical vaid because ot congestive heait failuie Foi 
the jiast 2-3 veais she had complained oi piogiessive weakness and numbness 
of the legs Dining one hospital admission it uas lepoitcd that knee jeiks and 
ankle leilcs ueie hvpeiactne, Babinski signs ueie piesent and that she uas m- 
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continent of unne and feces Due to piogicssion of these neui ological s\ mptoms 
she uas admitted to the neuiological senice Tlieie uas no histon of piimaij 
sjphihs 01 of nntis\ phihtic therapj 

Examination Patient nas obese and complained contmuoiish of pains in 
back and abdomen She was rational and coopeiatne Theie were aortic 
diastolic and sistohc muimiii-s, caidiac enlargement and wide pulse piessuie 
Walking was almost impossible owang to marked weakness of the legs Pupils 
weie unequal in size, iiiegulai and leacted onl\ shghth to light but well on at- 
cowiTOodatiow Mid eoiweigcuee Ci inul ueucs were otheiwisc negative The 
stiength of the aims was noimal, refleves weie active and theie w is no sensoij 
loss U1 muscles of the lowei evtremitj weie weak but there w is no atiophj 
Knee joiks and ankle jeiks weie h 3 peractive 'llic Babinski sign was picsent 
liilatei-allv llieie was impairment of all forms of sensation in the legs and 
low ei pai t of the tiaink w ith an indefinite senson lev el at about D-10 

Eaboralortj biine albumin 1+ Blood Wassei maim ind Hinton tests posi- 
tive Ceicbiospinal Fluid Pic=suic 90 mm , dvnimics normal, tell count -13, 
all hmphocvtcs, protein 228 mgm , Pandv 3-l-,gold sol 3-l'l-15^‘l 132, Wassermann 
iiid Divies Hinton positive d\ bile m the hospital she was digitalized and anti- 
svphihtit ticitment (bismuth and maphais-en) w is given without anv eliange in 
hei nouiologicil status One week aftci disdiiige she le-ciiteicd in eaidiae 
failuic and died a few houis afteiw nils 

\naiomical (1ia(ino<!c<! Svpliilitu menmgomjehtis .Svphilitio aoilitis and 
insulIicieiK V of aoitie V live Caidiat Decomiiciisition 

At post moitein evainiiialion the s]nnil and teiibi d It ])tonuning(s weiv 
Ihickeiied ind milkv white iiitoloi 1 heio vv is no leit bi il itiophv oi enlaige- 
ment of the v enti icles V gi miilai ependv mitis, most m ii ked on Horn of the 1\ 
ventricle w is noted 'the thoiatit portion of the spinal toid was small but on 
tut settion no dchnitc grivncss of the postenor oi latti d funiculi could 
lit lUtccted 

Mitioscopit studv of spinal toid shovvtd the Itptomtmugts to ht iiifiltiaited 
with Ivmiihotv tes md jilasma cells Clustei-s of these cells had atcumulated in 
the pii and m the sheaths of blood ve^'-tls in the periphciv of the toid V few 
of the laigtr mcningeil vessels weie infiltiated but the tvpital thanges of 
Ilcubiiei’s endarteritis were not seen J he mjclinattd libciN lieneath the pii 
and adjiceiil to the veins radnting fiom the peiipheiv of the spinal cord weie 
dcgenei-ated and replaced bj glia iht nerve tells in gi iv mattei hid notlx-en 
affected Ihe chingis destiibed above vvtrc found in ill portions of the (ord, 
iml were most sevtre in tht thoiatit segments llierc vv is no (videnct of 
mvelomalitn kscendingand degeiuntion of ntive libei ti lets toiild lit Irutd 
(see figs 2,3 md 1) llitic was somt Ivniphoivtit infiltration of the mtniiiges 
of the brim stem Die t trcbral < orttv was normal 

l'a«( U Si/pliilitic tmninijomiji liitt mmiiliralal In/ <!j)tnal tliri)mho<.ii. 

(iruhiil otis<i mil progrtssioii of piiesthesia of figs piripfigii, biek pun 
and imoiiluieiiK 
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Fig 2 Syphilitic Meningomyelipis 

The leptomeninges aie thickened and the nerve fibeis adjacent to them are degeneiated 
Weigeit stain 


^ .If 


1 

I- 
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Fig 3 Syphiiitic jMemngomyeiitis 

The leptomeninges and the fibrous tissue septa are infiltrated Y\ith lymphocytes, plasma 
cells and histiocY tes Nissl Stain 
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Ih'!lonj Tho pTticnt was i white imle, 51 \oiis of ige whose total illness was 
of I) etars dui ition The fust s\mptoin was immhncss iiid paiesthcsms of the 
left foot and log followed bj paicsthcsns of the light leg Both legs gi idudh 
htcinie wcik ind stilT md walking was difficult Foi an indefinite poiiod of 
time he hid had pains and tendeincss in the lunilni icgion and obstni ite con- 
stipation togettiei with licsit ^nl^ and pieeipilanci of miLtnntion Four months 
ago while m a local hospital foi stndj, he lathu snddenh lost completth tho 
use of his legs He daimed that this de\ eloped soon aftei a Innilni iinnclUK 
Since then he his been unable to mo\t his legs oi tontiol his bladdti Jheie 
w IS no liiston of prinian sjphilisoi antisiphihtic tieatmcnt 



1 1< 1 Sii HIM nc Ml MM o\m 1 1 ns 

S( ( tiDii t (irn s|)(tnthiii, tii fii,iiu 2 lo slmw iii ii him ini kI tin, tin ili|,i ni r ition of m nt 
filii n in ri(,iiiim luliitiiiil In tin Ii ptniiH iiiiinitis U i im it St iiii 


1 xiwunnhim 1 he sinsoiunn w is cli ii llii ti nnil neuts wtie noiniil 
lilt inipils wcK sm ill and megnliii but r< uted lo light iiid on mtommodiilion 
Stixngih III the unis w is noini il 1 heit w is tomiiltlt nioloi ji ii ihsis ifftt (nig 
the lowti Innik and legs Knee jeikh and ankle jtiks weit not piescnt 'Hit 
plant II Kspoiists wert (sttnsoi in li|ie \ll foinis of snisilion wiie lost IkIow 
n S-9 Bladdti was disttnded w( 11 iliotc s\inph\sis pnbis and n ct il sphiiictei 
was nli\(d 'Hide was a tUtiibitiis nUii mti both bnttoLks 
InhoralDn/ ilala Blood Kahn negaliie Cert biospinnl fluid norm il d\- 
nnints, 23 hmiihot % Ics pei tu mni , piolem hi nigm per uni, isstnniiin 
W( ikb (losilnt 

fniiio \,i (lifmiit thniigt w is obstrted during his s| i\ m (In hospi( d 
"lull list ht lid from scmi i| moiilliH httr, lit w is still niidtr tho ( lu of his 
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local physician who Avas administeiing bismuth and tiypaisamide Theie had 
been no change m his neuiological status 

Comment Though not veiified by autopsy one may piesuine that this man 
had been suffeimg fiom S3^phihtic meningomyehtis of seveial yeais duiation 
The sudden and diamatic onset of flaccid paiaplegia, anesthesia and uiinaiy 
letention sigmfied a S3^phihtic spinal thiombosis and myelomalacia The lack 
of lecoA'^eiy would indicate that the coid damage amounted to a tiansection 
and Avould be iiieveisible legardless of antiluetic therapy 

SYMPTOMATOLOGY OF SPINAL VASCULAR STPHILIS 

The teim acute syphilitic tiansveise m3mlitis is used to designate the clinical 
S3Tntpoms and signs Avhicli aie consequent to specific endaiteiitis and thiombosis 
of spinal vessels vith lesulting m3’-elomalacia The well lecognized tiiad of 
S3Tnptoms and signs aie 1 Sudden onset of flaccid paiab'sis of trank and legs, 
2 Anesthesia of the same paits, and 3 Loss of sphinctei contiol This clinical 
picture IS that of a functional and/oi anatomical tiansection of the spinal coid, 
usuall3'' at level of thoiacic segments Otliei lesions Avhich can give a similai 
clinical pictuie aie acute epiduial abscess, epiduial caicinomatous metastasis, 
multiple scleiosis and acute infectious m3mhtis The syphilitic etiology can 
usuall3'^ be established b3'' seiological tests The piognosis is giave, Amiy few pa- 
tients sui vive foi longei than a few months Ti eatment is ineffectual in i estoi ing 
lost function but is usuall3'’ given m an attempt to foiestall fuithei vasculai 
till omboses 

In oui mateiial theie veie 16 cases which could be included undei the heading 
of spinal vasculai S3qihili& Ten of these cases occuiied spontaneousl5'’ and 6 
aftei some ti eatment pioceduie The acute onset of symptoms following 
an intiaAmnous oi intiaspinal injection of an aisenical diug has been teimed 
the theiapeutic paiadox oi Heixheimei leaction by some authois In out 
opinion the Heixheimei leaction, if it evei occuis in the ti eatment of neuio- 
syphihs, IS vei3’- laie We have not obseived a 'Jingle pi oven case Tiue it is 
that 4 of oui 16 cases of spinal aiteiy thiombosis developed aftei intiaspinal 
injection of seium (3 Swilt-Ellis,i 1 antimenmgococciis) In such A\e attiibute 
the acute onset of s3’’m]itoms to thiombosis oi aliead3'^ damaged vessels by the 
nutating efiect of loieign mateiial In othei cases it ina3'’ be a chance coinci- 
dence as illustiated by its development in one ol oiii cases followmig an inlia- 
musculai injection ot Insmutli and m anothei aftei a lumliai punctuie In ihc 
lattei cases, which weie identical clinically with those following Swnft-Ellis 
tieatment, theie was no leasonable possibility ol a Heixheimei leaction One 
conclusion which we have come to is that the intioduction of any foieign sub- 
stance intiathecalh", whethei foi spinal anesthesia oi arsphenamised seium pie- 
paied aftei the method of Swuft-Ellis tieatment in a patient Avho alieady has 
neuios3qihilis, is fi aught with consideiable dangei The added damage of these 
agents' to an aheady diseased coid may cause seiious neuiological s3’-mptoms 

1 These cases date from an era w hen Sw ift-EIlis treatment w as in vogue 
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Acute syptelitic tionsvcrse myelitis may occur m a previously rveU persou or 
m one who already has some other form of nourosjTihihs Tins form of neuro- 
syphilis IS less frequent than memngomyehtis, the ratio being 2 to 3 In some 
cases the tiv o are conjomed The age range in our small senes w as 39-i9, bemg 
shghtly younger as a group than those mth memngomyehtis because of the 
shorter latent penod between imtial infection and neurological symptoms 
Several cases occurred within the first year after the contraction of 83 T)hihs, 
the average was 0 3 j'^cars Only one of the cases had received even questionably 
adequate antisyphihtio treatment dunng the earlier stages of the disease 
In contrast to memngomyehtis and spinal pachymenmgitis the onset of symp- 
toms IS abrupt Often without warning (premonitory^ symptoms m only 3 of 
10 cases) the patient loses sensation and motor power below a certam level on 

TABLE III 


Symptoms and signs of syphilitic spinal thrombosis 
Analysis ol 10 cases — ^Neurological Unit — ^Boston City Hospital 


Age 30-49 ycatB 


Facial palsy 

10% 

Sox 7 male, 3 female 


Deafness 

10% 

Pnmftrj secondaiy ayphilia 

50% 

Abnormal pupils 

50% 

Latent interval— 0 3 j ears 


Spma! shock 

90% 

Previous treatment 


Refle'^es 


None 

70% 

Absent in legs 

90% 

Inadequate 

30% 

Absent m arms 

10% 

Mode of onset— acute 

100% 

I^gs became spastic 

50% 

Symptoms 


Legs remained flaccid 

40% 

Paralysis 

100% 

One extremity invoUcd (flaccid) 

10% 

XJnnaty retentiou 

90% 

Sensory loss 

90% 

Paresthesia 

20% 

Lo\cI D 1-C in 

00% 

Pains 

20% 

Trophic ulcers 

50% 

Mental symptoms 

0 




the trunk This lev cl is most apt to be upper thoracic but mav be m the cervical 
or lumbar region When first seen spinal shock is present, i e , tendon rofleves 
and tone below the level of the lesion arc diminished or absent There is at 
first urinary and fecal retention followed within a few weeks by incontinence 
and periodic mictimtion Trophic ulcers usually' develop Only about one 
half of the ca'es become spastic, some of the others ovlubit a paraplegia in flexion 
indicating almost complete transection of the cord 
Tlii'cc ty pical cases arc presented below 

Case in Spinal lascuhr syplnlts, thrombosis of spinal arteries and myelomalacia 
History TIio patient, a 18 year old housewafo with no prcvaoiis knowledge of 
syphilitic infection, began in January 1911 to have difficulty m mictuntion 
About 2 weeks later she awoke in the morning and experienced nunibnc'is and 
weakness of both legs By evening she was completely paralyrcd and unable 
to V Old unne In the next few days the numbness ascended to level of mpples 
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Neither the patient nor her husband had noted any change m her mental func- 
tions These had been no pregnancies by either this marnage or a previous one 

jExcwitnatton Patient was coopeiative, memory good, no dysarthria Pupils 
were unequal, nght was 4 0 mm and left 5 0 mm in diameter, neither one re- 
acted to hght but both contracted well on accommodation-convergence The 
cramal nerves and arms were normal Both legs were completely paralyzed 
Tendon reflexes were active m arms and absent m legs, abdommal reflexes were 
absent, plantar leflexes were extensor in type There was loss of all foims of 
cutaneous sensation below D-8 The bladder was distended and hypotomc 
and the rectal sphmcter was relaxed 

Laboratory data Urme normal Blood hemoglobm 85 per cent, white blood 
count 13,400, Hmton and Wassermann leactions positive Cerebrospinal 
flmd pressure 95 mm of water, dynamics normal, 360 lymphocytes per cu mm , 
total protem 206 mgm per cent, colloidal gold was 1223322100, Wassermann 
strongly positive and Davies-Hinton positive 

Course Patient was placed on tidal drainage and sulfathiazole was given 
for cystitis and decubitus ulcers In the succeedmg weeks her legs remained 
paralyzed and assumed a position of flexion (paraplegia m flexion) Sensory 
level receded to a lower thoracic level Tendon reflexes m legs returned and 
strong flexor spasms became incieasingly frequent Antisyphihtic treatment 
consisted of potassium iodide by mouth, intramuscular injections of bismuth 
and intravenous injections of mapharsen The mjections were given every 5 
days for a period of 4 months At the end of this time the cells had disappeared 
from the spinal fluid, the protein content had dimimshed to 48 mgm pei cent, 
the colloidal gold was unchanged but the Wassermann was less strongly positive 
The patient was discharged to her home Hei bladder care became impossible 
and she developed c 5 '-stitis and pyelonephritis which were responsible for hei 
death soon afterwards 

Necropsy The spmal memnges were cloudy white and tluckened The Ion ei 
thoracic and lumbar segments of the coid weie shrunken and yellonnsh m coloi 
Blood could not be forced into the anterioi spinal artery below D-10 The 
affected portion of the cord was a soft, pulpy mass, much i educed m size In 
many places it was reduced to small iiiegularly shaped cavities surrounded 
and traversed by yellomsh-white tissue The ventral and doisal roots in the 
thoracic segments weie reduced to thin gray, thiead-like structures In lonei 
lumbar and sacial segments the roots nere normal m size and coloi (see fig 5) 
Theie was shght opacity of the cerebial leptomemnges but no atiophy of fiontal 
convolutions oi ventiicular enlargement The ependjmia of the ventiicles vas 
slightly gianulai 

Micioscopic examination showed a slight infiltration of the spinal lepto- 
menmges vith lymphocjdes and plasma cells Many of the spmal aitenes 
weie occluded by oiganized and paitly lecanahzed thrombi and others showed 
the characteristic picture of h 3 Tiei plastic (Heubner’s) endaiteiitis The spmal 
cold m the most affected regions was almost completely destroyed, only a fev. 
mj^elmated fibers in ventral fumcuh bemg pieseived (see fig 5) Both myehn- 
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nfed fibeis and nene tells ueio lephtcd b\ mnciophagcs, Inpei trophic istio- 
e\te ‘5 '\eie abundant ‘V^conding degoncialion could be tiiccd m the column': 
of Goll as fai as medulla Theio uas no oMdeiicc of puctit ncuiosipluhs 
Anatomical diagiioscs 1 Menmgoi ascuKi siphihs of spinil coid mth a 
Endaiteiitis and thiombosis of anterior and posteiior spinal arteries b M\e- 
lomalacia 2 Acute cistiti? and bilateial pieloncpluitis 

Comment The acute onset of a flaccid piiaplegia iiith senson loiel i\as 
indicative of a vasctilai lesion with complete oi almost complete interniption of 



I ir o Sii nil iTic Si iwi lniioMnn«i!s 

I he -inUriiir spinnl nrton occluded at a Jtxcl u!>o\r this Iiinibir iJu 

l)ost( nor ind I ittnl columns and most of the matter h is been inf ircti d (M^i lo 
nidacii) Jht fopo;,rip)n of the rord is iltirid Stun 

tlir (ontimiitv of the spinal coid 'I he pdinantnce of paraK'-is despite anti- 
siiilnlitii thei'ipi winch chaicd up the leptomeningitis to a Iirgc degi-ec, cor 
loboinled this impiesMon 'Ihe invtloni iIik ii was so mirkod that (\eii the 
most mtdisno tliempv tould nevei lime rcsioied spinal cord fiimtioii 

Cav /r Tahchc m mosijitinhs uith ncuU '.i/philitir spinal Ihromhmis n/tir Swift- 

I Uii Ircahnt nl 

Ilit,tnn/ I’ltidit was i white mile of 51 leii-s who entered the hospil il loni- 
liUining of shaip, shooting piiiis m liaeK iiid chest Hcliidhid i eliiiiin 2~i 
\i irs ago atid w is tie ited b\ mereiin pills for sj \enil months it that time 
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Examination The patient iias mentallj’- sound Positive findings included 
Aig5dl Robeitson pupils, feeble knee and ankle jeiks, positive Rombeig, slightlv 
ataxic gait and impaiied vibiatoij'^ and position senses in feet and legs 
Laboratory The blood Wasseimann leaction was positive The ceiebiospmal 
fluid contained 2 cells and the Wasseimann test was strongly positive 

Course It was decided to tieat the patient by the method of Svift-Elhs 
which vas then in vogue Within a few houis of the fiist mtiaspinal injection 
the patient developed a flaccid paiaplegia, bladdei paialysis and loss of sensa- 
tion below the 4th segment Decubitus ulceis and ascending uiinaiy infection 
lesulted and death followed in a few veeks No autopsy was obtained 

Comment This case cleaily illustiates one of the dangeis of intraspinal 
theiapy Howevei, the same pathologic changes could have occuned as veil 
aftei mtiaspinal injection of meningococcus seium This type of leaction can- 
not be consideied a theiapeutic paiadox 

Case V Syphilitic meningomyelilis, srjphilitic spinal thr ombosis following malaria 

inoculation 

History Patient was a 46-3'^eai old cleik vho had been experiencing numbness 
and stiffness of the legs foi past 6-9 months These s^nnptoms weie of insidious 
onset and giadual piogiession Recentlj^ he had suffeied aching pains in back 
No difficulties in mictuiition had been noted Ten j’-eais before onset of these 
symptoms he had leceived several injections in hip and aim foi syphilis 
Examination The patient vas intelligent and coopeiative The pupillaiy 
leflexes and cianial neives weie noimal His gait was spastic and sliglith 
ataxic The tendon leflexes in legs weie hypei active and Babinski sign was 
piesent bilateiallj^ The abdominal leflexes weie absent and position and 
\’ibiatory senses weie diminished but not lost completely in the legs No sensoij'^ 
level could be detected 

Laboratory The blood Wasseimann test was positive The ceiebiospmal 
fluid contained no cells, 56 mgm piotein pei 100 cc the gold sol leaction vas 
0123322100 and the Wasseimann test Avas positive 

Course On the second hospital day 5 cc of blood fi om a patient AAuth inocu- 
lation malaiia Aims injected intiavenously On the 6th daj’’ his tempeiature 
began to use Comcidently his legs became completely paialyzed, a sensoiy 
leAml at D-12 maiked the uppei limit of complete anesthesia, uiinaiy letention 
and paialjdic ileus appealed Abdominal distention AA’as so marked that respiia- 
tions AA'eie embaiiassed Ileostomy was peifoimed AAUthout lelief Malarial 
fevei AAas teiminated AAuth quinine but the patient died on the tenth hospital day 
Post moitem examination disclosed syphilitic aoititis, insufficient to cause 
distoition of aoitic Amhm oi dilatation of aich of aoita Theie Avas syphilitic 
memngomyehtis and endaiteiitis A\ith thi ombosis and myelomalacia of lovei 
thoiacic segments of spinal coid In addition theie Aveie similai Amssel changes 
and numeious small infaicts in medulla and ceiebuim 

Conrrrrcni In om opinion malaiial feA'-ei should not have been used m the 
tieatment of this patient It AA'Ould haAe been piefeiable to liaA’e adniinisteicc 
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ncosihusan oi mapliaisen intia^enoush, together ^\nth pota'amm iodide bj 
mouth and bismuth intramiiseuhrlj 

Thiombosis of spinal vessels need not always cause a complete tians%eibD 
m\clitis Occisionalh only a small poition of the spinal coid mat be infarefed 
in which CISC the loss of function ma\ be slight Such cises iccount foi the 
itlatnoh lare Brown-S^quaid and s\a ingoma clic s\ndiomes 

Ca<!(’ 1 I Spinal anti ceiehial mcmnqovasculai lyphtln incomplete transicrse 
leiion of spinal cord and lalictic nt w o^yphibs 

History Ihe man, aged 40, was a ti ipeze iieifoimcr who had noted pains and 
a sensation of coldness m the logs foi seioiil \eais He had ilso become im- 



Fir 0 Syiiiimtic Siissi 1 iino\iii(>'>is 

An (irtcn ut tlip tiottom of tlip field is ttirondiosed Tliert is infaretionwithcnsitntion 
o( grsj mutter (pseudo sjnngomjolm) \issl stain 

potent and less ctitain of his gut so that he letircd fiom his foimei oicupation 
Hun followed, aftci in abrupt onset, weakness of both legs and numbness and 
some dilhcultN in iirmition Ihe Inttei clean d up md strength gi-adualh 
retunied in tlu suiiciding months Pstchotit sMuptorns nc\t appe md leading 
fiiialK to State Hospital aihmssum 

/ xominotion Middli aged man with a dipiessed fiu les, inipaiicd meinon and 
Msiiil hallucm itions llieie was i mild left licmipaiesis iinohmg thieflj (he 
arm and fate 0\ei the lowii tnmk then w is i Intel IkIow wimli pun and 
ttmix’ratim, and to a Ussei extent, light touch, tibi itoit and position senses 

’ riii p itliolnsic d mail ri d from tliia € lai was fiiriiislii,n>\ Dr 1 niiis Ooodiiiari of (lie 
Howard Itoapilal, llliodi Island 
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weie impaned The left knee jeik was gieatei than the nght The ankle jeiks 
were absent and Babinski’s signs weie piesent on both sides 
Laboiatory The blood Wasseimann test was positive The ceiebiospinal 
fluid was noimal except foi a piotein content of 49 mgms Hinton test vas 
not done 

Course The patient was tieated by mtiamusculai injections of bismuth and 
intravenous injections of tiyparsamide at weekly mteivals until death thiee 
months latei fiom an inteicunent pulmonaiy infection 
Post mortem Sj’^phihtic aoititis Cei ebi aland spinal meningovasculai sj'pliilis 
Old infaict m nght lenticulai mucleus and mteinal capsule, pseudo-syiingo- 
myehc cavity in thoiacic coid (see hg G) 

SYPHILITIC AMYOTROPHY 

Musculai wasting is seldom seen in patients suffeiing fiom neuiosyphilis 
It may hovevei be a component of any one of the clinical syndiomes itemized 
below 

a Tabetic neurosyphilis with amyotiophy 
b Syphilitic menmgomyelitis with amyotrophy 
c Spinal vasculai syphilis with am3mtiophy 
d Piogiessive musculai atiophj’- due to sjqihilis 

A lathei small percentage of tabetics, vaiiously estimated at 5-10 pei cent 
develop localized musculai weakness and atiophy sometime duiing the com sc 
of then disease This is usually in low^ei limbs, c g , unilateial oi bilateial foot 
diop, but occasionally the iippei extiemity may be involved The pathology 
of the condition has nevei been elucidated S A K Wilson (21) fiom a caiefiil 
pathologic examination of 2 such cases, discoveied degeneiative changes in the 
coiiesponding anteiioi hoin cells wdiich he attiibiited to the action of syphilitic 
toxin He did not find evidence of peiipheial neuiitis noi of sufficient menin- 
gitis to account foi the damage oi anteiioi loots 

Mention has aheady been made of localized musculai atiophy especially m 
hands and aims in cases of syphilitic meningomj’^elitis Mai tin (23) designates 
this condition as amyoti opine menmgomyelitis and lepoiled sevcial cases 
examined both clmicallj'’ and pathologically The muscle wasting m these cases 
IS best explained b}”- damage of the vential loots w4ieie they pass tluough inflamed 
meninges In neaily all of these cases the ceivical segments of spinal coid aie 
most intensely affected 

Syphilitic endaiteiitis may cause a small infaict in the vential lioin ivithout 
involvement of long tiacts The case below illustrates this tj'pe of syphilitic 
amyotiophj'- 

Case YIJ Sca'pidohwney al muscular atrophy due to syplnhhc cndai Icntis, 
tliiomhosis and infaicUon of antenoi hoin in ceivical spinal coul 

History The patient was a Poituguese cook who consulted his jihysician 
because of weakness of the left scapulo-humeial muscles of seveial months dma- 
tion The on«et appealed to have been acute and thei e w'as little if anv j)i ogie‘-' 
during the next few' w'eeks 
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convergence Vision was acute and the optic fundi were normal The left arm 
was weak and tendon reflexes were dnmnished m both left arm and leg There 
was atrophy of the small muscles of the hand and fascicular twitching of arm 
and forearm muscles on left side Plantar responses were flexor and the abdomi- 
nal leflexes were active The gait was uncertain with a tendency to favor the 
left leg The Romberg test was negative Theie was no impairment of cuta- 
neous or deep sensation of either the aims oi legs Exammation of the heart was 
negative 

Laboratory Blood and cerebiospmal fluid serologic tests were negative The 
ceiebrospinal flmd was examined on two occasions and was found to be normal 
except for the presence of 20 lymphoc 3 d}es on one occasion 
Comse During the ensuing 3 months weakness of muscles and wasting pro- 
gressed to the point wheie he could no longer move the left leg Tendon reflexes 
became less active disappearing entiiely in left arm and leg Antisyphihtic 
therapy in form of potassium iodide, bismuth, mercury succimmide and tryp- 
arsamide wmie given Fasciculai twitchings of muscles of all four extremities 
and tmnk w'ere observed Finally respiiatoiy muscles became affected, the 
diaphiagm and thorax movements xveie feeble There were no sphmcter dis- 
tuibances The pulse late became rapid and the patient died after an illness 
lasting approximately 6 months 

Clinical diagnosis Progressive muscular ati ophy, ‘i’syphihtic 
Pathological diagnoses Syphihtic aortitis, progressive muscular atrophy— 
^syplnlitic 

The piincipal pathologic changes, aside fiom the syphilitic aortitis, weie found 
in the spinal cord Extensive disease of the anterioi hoin cells was found 
thioughout the spinal cord Many of these cells had disappeared completely 
•while others lemained in a diseased state as indicated by shrinkage and hyper- 
chromatism Hyperplasia and hypertrophy of astrocytes occuired throughout 
the vential horns In the ceivical segments the peiivascular spaces weie fiUed 
wnth Ijmphocjdes and an occasional plasma cell The leptomemnges, however, 
contained no inflammatory cells In the thoiacic and lumbar segments the pen- 
xmsculai infiltrates "weie absent Ventral roots, motor nerve fibers and muscles 
were secondarily degenerated The corticospinal tracts ■^\'’eie not degenerated 
There was no trace of sj'^philitic endaiteiitis oi of menmgoencephahtis Giemsa, 
Gram and Levaditi stains failed to disclose oigamsms of anj’- kind 

Comment The chmcal couise in this case is entiiely consistent -until piogiessive 
musculai atiophy (Aian Duchenne), a disease of unloioivn etiology The muscle 
■\veakness, atiophy, fascicular t-mtchmgs, and tendon reflex loss all signify a 
progiessive degeneration of the lo'u’’er motoi neurones The only chmcal finding 
that could possibly incriminate syphihs as the etiology ivas the lustoncal fact 
of pnmaiy-secondaiy infection 30 j^eais before but the completely negative 
serology tended to exclude this possibihty 

At post mortem exammation, howevei, theie -urns defimte histologic e-vidence 
of syphilitic aortitis The changes m the spmal cord differed from those o 
progressive musculai atiophy onlj'- m that there weie lymphocytes in penvascii- 
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lar spaces For this reason, despite the negative blood and cerebrospinal fluid 
serologj, it seems possible that spirochete paUida was the causative agent 
There is no way of being certain, however, that this case was not one of progres- 
sive muscular atrophy m a patient with S 3 iphihs and that the lymphocytes were 
due to the rapidity of the degeneration (often found in infarcts and non-inflam- 
matory conditions) 

The failure of mercurj’-, bismuth, potassium iodide and tryparsanude to halt 
the progress of the disease is of mterest Possibly none of these drugs were given 
for a sufficiently long penod of time to be effective 

SyPHILITIC SPINAL PACHYAIENINGmS 

Sj^phifitic spinal pachymeningitis was found m 4 of our cases, m 3 there was a 
gumma and in 1 there was a diffuse inflammation and thickemng of the dura, so- 
called hypertrophic pachymemngitis In the 3 cases ivith gumma, the chnical 
picture was suggcsti've of a rapidly growmg tumor Root pains and paresthesia 
at the site of the gumma, spastic paraplegia, unnary and fecal mcontmence with 
sensory loss below the level of the gumma, compnsc the essential details The 
onset was insidious and the progress of the disease was subacute The possi- 
bility of gumma was suggested by the finding of a characteristic spmal fluid 
alteration, lo. Prom’s syndrome (dynamic block, \anthoclrromia, very high 
protein 392-024 mgm ) and a strongly positive Wassermann test 

The other case was representative of the condition known as sjphilitio hyper- 
trophic spinal paclijmeiungitis The carhest symptoms included pains and 
paresthesias m the arms and hands followed later by atroplut paralysis of the 
hand and arm muscles, segmental sensory loss and spastic paraplegia Tlie 
process developed slowly over a period of 18 months The cerebrospinal fluid 
findings were the same as those m spinal gumma Tlie only chnical distinction 
between gumma of the dura and hypertrophic pachymenmgitis appeared to be 
the slower evolution and greater tendency to segmental muscle atrophy and 
sensory loss in the latter 

All of the patients with gumma were operated upon after a short tnal of anti- 
SiTiluhtio treatment which proved to be ineffective At operation very thick 
granuloma of meninges was found to be compressing and partly invading the 
spinal cord Surgical biopsj disclosed charactcnstio picture of gumma All 3 
patients died, one postoperatively, one in 3 months and the third m 9 months 
In the last case cerebrospinal fluid improved on intensive antiluetic thcrapj but 
the clinical condition became worse 

Case IX Gumma of spinal cord and meninges Clinical piclurc of spinal cord 

compression 

History TIic patient, a 35 year old housewafe, first began to evpcnrncn pain in 
the low back m Februarj ,1931 A few dajs later, her right leg Ix’came numb 
and weak The latter condition very gradually increased m seventy and, diinng 
the third week of the illness, the left leg bcc.imc similarly affected so that it was 
impossible for her to walk In addition there was paralysis of bladder function 
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No history of syphihtic infection or antisyphilitie treatment could be elicited 

Exarmnakon- There had been no apparent alteration in the patient’s intellec- 
tual functions Pupillary reflexes were normal The cramal nerves were nor- 
mal Arms were of good strength and sensation above the 11th thoracic derma- 
tome was normal Below this level there was marked impairment of all sensory 
modahties Unnary and rectal sphincters were relaxed and could not be volun- 
tanly controlled Skm over buttocks was red and beginmng to desquamate 
The legs could be moved only shghtly Tone was dimimshed and the legs were 
mamtained m a position of extension Tendon reflexes in the arms were normal 
but were barely ehcitable in the legs The Babmski sign was present bilaterally 
and abdommal reflexes were absent 

Laboratory Blood Hinton and Kahn tests were positive Cerebrospinal fluid 
was under pressure of 150 mm of water and there was complete dynamic block, 
the fluid was yellow, clotted on standing and contained 24 l 3 Tnphocytes per cu 
mm , a total protein of 924 mgm per cent and a colloidal gold of 0000000122 
The Wassermann test was positive 

Course The patient was treated with neosalvarsan, bismuth and potassium 
iodide for one month with no improvement It was then decided to do a laminec- 
tomy Upon opemng the dura a reddish gray tumor mass m the dorsolateral 
spinal memnges at D-9 level was found and removed This surgical specimen 
measured 2 5 by 0 8 by 0 8 cm and the pathology report was “gumma of spinal 
memnges ” Folloiving the operation the patient rather suddenly became com- 
pletely paralyzed with a sharp sensory level at D-9 In the following weeks she 
improved shghtly insofar as some voluntary movement of legs returned and legs 
became spastic m extension However, she was never again able to walk 
Transfer to a convalescent home was arranged and neosalvarsan and bismuth 
injections weie continued A few weeks later decubitus ulcers increased in size, 
the bladder became infected and she died 

Comment- The chmcal picture evolved much in the manner of a rapidly grow- 
ing spmal cord tumor Indeed, were it not for the serological reports, this 
would have been the diagnosis The cerebrospmal fluid findings, together known 
as Froin’s syndrome, estabhshed syphihs as the etiology The lack of thera- 
peutic response to neosalvarsan and bismuth has been observed in all the gummas 
mcluded in our senes The sudden postoperative paraplegia was undoubtedly 
the result of a thrombosis of spmal aitenes which did not completely destroy the 
cord because the legs later became spastic m extension If she had not suc- 
cumbed to decubitus ulcers and pyelonephntis, one could have anticipated con- 
tmued improvement for several months 

Case X SypJnhttc hypertrophic pachymeningitis 

History The patient was a negro waiter, 33 years of age, who was admitted 
to the hospital because of pams m his shoulders and weakness of his legs The 
pains began 14 months before admission, were of a severe aching character vith 
a tendency to radiate out over both shoulders Some months later lus nght 
hand very gradually became weak and atrophic and the left one later became 
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Similarly affected About 6 months before admission, the nght leg became weak 
and stiff Dunng the past few months he had developed frequency and urgency 
of urination In the tv o weeks pnor to admission he had been incontinent 

The patient had had gonorrhoea at the age of 21 but domed having had 
syphilis 

Examinalton Patient vas cooperative and rational on admission Pupils 
were equal in size, round, and the reflexes were normal There vas atrophy and 
veakness in the muscles of the right hand and forearm and to a lesser degree m 
the left hand The left deltoid and supraspmatus muscles verc atrophic and 
veak There vas impairment of all forms of sensation over his hands and to a 
lesser degree m his arms Biceps and triceps jerks were absent There was a 
spastic paraparesis, right greater than the left wath hyperactive tendon reflexes, 
absent abdominal reflexes and bilateral extensor plantar responses Vibration 
and position sense were impaired in the nght leg His neck was stiff and Kormg 
sign was present 

Laboratory data Blood Wassermann and Hinton was positive Cerebrospinal 
fluid The fluid was shghtly xanthochromic and contained 124 lymphocytes per 
cu mm Tlie total protein was 486 mgm per cent, the Lange reaction was 
1122344455, and the Wassermann and Hinton reactions were positive There 
was no nsc in spinal fluid pressure on jugular compression Coughing or ab- 
dominal compression produced a prompt nsc in pressure 

Course An exploratory laminectomy was performed at C 5 to D-2 Tlie spi- 
nal duraw as v cry thick and adherent to the underlying leptomcninges The dura 
was widely incised and left unsutured Following operation the patient was 
irrational for several daj-s then began to improve On the eighth postoperative 
daj his tempenvture was 103-104 degrees and bladder unne contained pus He 
died on the 10th postoperative dav' 

Analoimcal diagnoses Syphilitic Pachymeningitis and leptomeningitis, spinal 
and cerebral vascular syphilis, compression of spinal cord, c 3 ’stitis, pyelitis and 
pyelonephritis 

Tlie brain was negativ e except for shght opacity of the Icptomemnges and one 
small softening 1 5 cm in diameter in the right lenticular nucleus and internal 
capsule 

There was a fusifonn thickemng in the cenical and upper tlioracic portions 
of the spinal cord which was accounted for bj fibrous tissue most of which was 
on the outer surface of the dura If anj tlung the spinal cord was of reduced 
calibre m the cervical region The ventral and dorsal roots in this region were 
atropine and were buried m the thickened meninges Leptomcninges were 
thickened and opaque and adhered to the dura Tlie dura over highest ccrviixil 
segments and himbosacml segments was not thickened 

Microscopic section of the affected dura disclosed dense fibrous tissue in which 
w ere Ijonphocj tes, plasma cells, giant cells, fibroblasts and histiocj tes In places 
there were maiiv blood vc'scls, some with thick and others vvitli thin walls 
Several fragments of bone wem seen m the mass The inflammatorj reaction 
involved the inner lajers of the dum and to a lessor extent, the pia aradinoid 
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The spmal cord had lost its normal marlongs Many of the antenor horn cells 
were swollen and vacuolated There v^as a perivascular lymphocytic mfiltration 
in both the white and gray matter Numerous macrophages had replaced 
degenerated nerve fibers in the nght postenor and lateral columns and to a lesser 
extent the left ones 

Comment The atrophic paralysis and sensory loss in the hands, forearms and 
shoulders were due to ventral and dorsal root damage The swollen, chromato- 
lytic neive cells m the antenor horns attested to this same process The memn- 
geal irntation was actually due to a syphihtic leptomemngitis and the long tract 
signs to compression and possibly incomplete infarction of the cervical spi- 
nal cord 


SPINAL CORD COMPRESSION DUE TO SYPHILIS 

This may be caused by syphihs in any one of four ways 1 by gumma of the 
leptomemnges, 2 by gumma of vertebra with direct pressure on cord, 3 by a 
large syphilitic aneurysm of descending aorta with erosion and collapse of 
vertebra, or 4 by syphihtic pachymemngitis which encloses the cord within a 
firm fibrous tissue sheath 

Reference to the menmgeal gumma with spmal cord compression has already 
been made We have never seen a proven case of gumma of the vertebia which 
caused cord compression One case so diagnosed, proved at autopsy to be a 
chrome pyogemc granuloma secondary to osteomyehtis of the spme and another 
was a metastatic epidural carcinoma As alieady stated, expenenced patholo- 
gists deny the existence of this entity 

The spmal cord may be compressed by an aneuiysm oi mfarcted if its blood 
supply from intercostal arteries is interrupted Syphihtic aneurysms more often 
cause the former, dissectmg aneurysms due to medial necrosis of aorta of non- 
syphihtic etiology, may cause the latter 

Case XI Sypluhtic aneurysm of descending thoracic aorta with erosion of thoracic 
vertebra, syndrome of spinal cord compression 

History The patient was a 51 year old white man whose first complaint in 
1931 was pam in the chest of one year’s duration This contmued until 1933 
when he was admitted to the Massachusetts General Hospital because of weak- 
ness and numbness of the legs, both begmmng two weelcs before when he hopped 
over a puddle of water Lately there had been some precipitancy of micturition 
The chest pam varied m mtensity, usually being worse at night Gait had been 
ataxic for an mdefimte time Tlurty years ago he had a chancre on perns His 
treatment consisted of a few mjections of arsphenamme 

Examination The patient was cooperative and rational Although there was 
shght tremulousness of tongue and bps, no evidence of mtellectual detenoration 
was noted Speech w^as normal The pupils %vere irregular m shape, unequal 
m size and reacted very sluggishly to light but well on accommodation-con- 
vergence Cramal nerves w^ere not remarkable The arms were normal both 
as to motor and sensory functions The legs w^eie weak and spastic m ex-tension. 
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Pain, temperature, vibratory and position sense were all diminished below 
sensory level of D-6-7 Position sense was impaired to a greater extent in the 
feet than the legs The gait v as ataxic Sphmcters were partially incontinent 
The tendon reflexes m ore increased in the arms, diminished in the legs and the 
plantar responses were extensor m type Tlie abdominal reflexes were absent 
Heart was enlarged to left and a soft systohc murmur was heard at the apex, 
the supracardiac area of percusion dullness was 12 0 cm wnde There was no 
aortic diastolic murmur 

Laboratory BloodWasscrmann was negative but the Hmton test was positive 
X-rays and fluoroscopic examinations of chest disclosed a huge aneurysm of 
thoracic aorta which had eroded the 4th and 5th thoracic vertebrae Partial 
or complete subarachnoid block was demonstrated by several lumbar punctures, 
fluid was xanthochromic, contained 2 cells and the protem content was 230 mgm 
per cent The colloidal gold reaction was 0133334443 and the Wassermann 
reaction was strongly positive Lipiodol injected mto the cistemn rangna de- 
scended to the level of the 4th thoracic vertebra where it was arrested 
Course Surgeons advised agamst cither laminectomy or operation on the 
aneurysm Consequently he was sent to a convalescent homo where ncosal- 
vatsan, bismuth and tryparsamido were continued Tlie final termination of 
the illness w as not known 

Diagnosis Sj-phiktic aneurysm of the aorta with a Erosion of thoracic 
vertebrae D-4 and D-5, b Spinal cord compression 
Comment The aneurysm had eroded vertebrae so weakening the stability 
of the spine that a relatively minor trauma caused it to give way The slow 
progress of the sjTnptoms, the incomplete interruption of the spinal cord tracts, 
the dynamic and hpiodol evidence of block all attested to cord compression 
rather than moningomj clitis or thrombosis and myelomalacia ns the cause of this 
sjmdrome However, the ataxia, rather hypoactive tendon jerks, more severe 
position and vnbratory sense loss m the feet, and positive cerebrospinal fluid, 
raises the possibilitj tliat the patient had had tabetic neurosyphihs for a long 
time and that the more recent picture of spinal cord compression was super- 
imposed This, unfortunate!} could not be vcnficd without autops} Obvi- 
ousl} no amount of antisyphihtic treatment would influence the course of the 
di‘=case 

Hj-pertrophic pacbj-raeningitis is not confined to the cervical portions of 
spinal cord, bemg equally common in other positions Although sypluhs is the 
cause of most ca»es, several other conditions among them epidural granuloma, 
tulierculosis, trauma and s}Tingora j elia, hav c been incriminated 

nLooD AJ>D CEnrnnoswxAE fluid ix spixal NEunosvpjriLis 
The blood and spinal fluid findings arc summarized in table IV 
It is to be noted from these tables that m a high percentage of cases blood and 
Mrebrospmal fluid are both abnormal Tlus is particular!} true in active cases 
In old burned out or well treated ca^es cither blood, cerebrospinal fluid or both 
ma} be rendered negative In none of our cases were both tlie ccrebrospmal 
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fluid and blood serology negative except m the one questionable ease of chionic 
syphihtic pohomyelitis This may possibly happen more often than our data 
would mdicate and in such mstances the diagnosis may be exceedmgly difhcult 
As m other types of neurosyphihs a negative spinal fluid is rarely consistent 
with chmcal progression A markedly elevated cerebrospinal fluid protem and a ' 
dynarmc block are strongly suggestive of spinal cord gumma though cervical 
pachymeningitis must be consideied as a possibihty In all of our cases of 
gumma of spinal cord the cerebrospinal fluid Wassermann test was strongly 
positive Tests of cerebiospinal fluid do not distinguish between memngo- 
myelitis and syphilitic spinal thiombosis 

TABLE IV 


Blood and cerehros'pmal flmd changes in spinal syphths 



MENINCOMVELITIS 

SPINVI. ^RTERl THROMBOSIS 

PACH^ilENINCmS AND GUMMA 

Blood serology 

Positive, 93% 

Positive, 88% 

Positive, 100% 

Cerebrospinal 

Normal 

Normal 

Block, 100% 

fluid 

Dynamics 

Cells 

Increased (10-147 mm ’) 

Increased (10-360 mm “) 

Increased (10-110 


in 64% 

in 62 5% 

mm ’) in 66% 

Protem 

Slightly elevated (40- 

Slightly elevated (40- 

Markedly elevated 


240 mg ) 66% 

228 mg ) 60% 

(342-924 mg ) 100% 

Wassermann 

Positive in 86% — in all 

Positive in 88% — in all 

Positive, 100% 

and Davies- 

except old treated or 

except old treated or 


Hinton 

burned out cases 

inactive cases 



DIFFERENTIAE DIAGNOSIS 

It IS of importance not only to differentiate spinal syphihs from other diseases 
of the spmal cord but also to identify the type of spinal cord syphihs The 
latter offers a valuable clue as to prognosis 

The chief pomts by which memngomyehtis and syphilitic spmal thrombosis 
may be distmguished are by mode of onset, chmcal course and severity of cord 
damage Gumma may resemble memngomyehtis m its chmcal manifestations 
but the dynaimc spinal fluid block, with high protem will readily identify the 
former 

The climcal diagnosis of syphihtic memngomyehtis may at times baffle even 
the most expert especially in those rare cases where neither blood nor cerebro- 
spinal fluid offer a clue The conditions most hkely to be confused wath it are 
multiple sclerosis, syrmgomyeha, alcohohc encephalopathy and neuropathy, sub- 
acute combined degeneration and amyotrophic lateral sclerosis One must be 
contmuously on guard agamst the possibihty of a latent syphihtic who qmte by 
chance has developed an unrelated neurological disease Multiple sclerosis and 
neurosyphilis are ahke m often being the cause of wudely dissemmated lesions 
throughout the neuraxis Involvement of the spmal cord, bram stem and optic 
nerves are common to both Cerebellar lesions and signs of cerebellar ataxia 
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are rare m neurosj philis The optic nen e mvolv ement m neurosyphihs is slowly 
progressive to blindness m most cases with constriction of field or central scoto- 
mata In multiple sclerosis, so called retrobulbar neuritis is of acute onset ivitb 
central scotomata rarely affectmg both eyes at once, evhibiting marked remis- 
sions and rarely progressing to bhndness 
Syringomyelia may offer difficulty in differential diagnosis unless it is remem- 
bered that kyphoscoliosis and segmental, dissociated sensory loss, so character- 
istic of this disease, are \ ery rare m spinal neiirosy'philis Loss of pain and tem- 
perature and pieservation of touch o\er one or several dermatomes can be 
produced only' by a central cavitation of considerable vertical e\tcnt This may 
be the result of infarction but is very rate Otherwise both meningomyelitis 

TABLE V 


Differential diagnosis between types of spinal neurosyphihs 



SVrUlUTlC lI£NLNCOU\'XLmS 

SYrnnxnc snsAi. •mioviivosis 

TAcnvirejiLscms A^a) couui 
orspiv\x,coxD 

Latcnc> 

2i years 

G j ears 

10 years 

Onset 

Gradual 

Abrupt 

Gradual 

Course 

Chrome progression 

Stationary or improv ed 

Subacute to chronic 

Symptoms 

Paresthesias, pain, 

Sudden paralysis, un 

Paresthesia, pain, weak- 

‘ 

weakness of legs, in- 
continence 

nar> retention, ancs 
thcsia 1 

ness, incontinence 

Signs 

Spastic paraplegia, 

slight sensory loss, 
trophic ulcers rare, 
cictonsion posture 

Flaccid paraplegia, an 
cstbesia below level, 
trophic ulcers — com- 
mon, flexion posture 

Spastic paraplegia, sen 
sory loss below level, 
trophic ulcers in sc 
vcrc cases 

Ccrebro 

>« ormal dj namics , 

Isormal dvnaimcs 

DjnaTQic block, xantho 

spinal 

clear, plcocjtosis, 

clear, plcocj tosis, 

chromic wnth or with- 

iluicl 

protein si cle\atcd, 
midronc gold eol 

protein el elevated, 
midronc gold sol 

out cells, protein very 
high, third zone gold 
sol 


and syringomyelia may evhibit signs of progressive involvement of long sensory 
and motor tracts wath variable atrophy' 

In hospitals nluch include a large portion of chronic alcoholics in their popula- 
tion, one IS often puzzled by the v anous neurological syndromes associated with 
alcoholism and multiple vatamin deficiencies A combination of encephalopathy 
vvath the attendant mental aberration, hyperactive tendon rcflevcs and Babmski 
signs superimposed upon an alcoholic neuntis, may simulate almost any form 
of neurosyphihs incluihng paresis, tabes and meningomyelitis Correct diagno- 
sis is possible only by eliciting tlie dietary and alcohohe history , by recognizing 
the asiociatcd skin and gastrointestinal lesions of v itamin deficiency , by' detec- 
tion of muscle tenderness, pains and paresthesias together vnth memory loss, 
confabulation, dehnum, etc Ivccdlcss to sav the incidence of syphilis is very 
high in this group of patients so that it may be necessary to sepamte the svmp- 
toms of the two conditions 
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Subacute combined degeneration of the spinal cord may appear before perni- 
cious anemia in a small percentage of cases It runs a subacute course beginning 
■with paresthesia of feet and hands and progressing to an ataxic paraplegia The 
symmetry of the neurological disorder, the sequence of symptoms (always paies- 
thesia before "weakness) achlorhydna, the macrocytic anemia, negatwe serology 
and response to hver therapy form the basis for this diagnosis 
Whether a pure form of amyotrophic lateral sclerosis is ever due to syphilis is 
a matter of dispute True, some cases of sjqihihtic memngomyehtis (Eib’s 
spinal paraplegia) may show bilateral pyramidal tract signs but usually bladder 
disorder is early (late in amyotrophic lateral sclerosis) and there is some sensory 
loss (none in amyotrophic lateral scleiosis) There weie no cases of syphilitic 
amyotrophic lateral scleiosis or primary lateial sclerosis among our material 
The differential diagnosis of syphihtic spinal thrombosis includes other causes 
of an acute transverse myehtis such as post-mfectious encephalomyelitis, acute 
infectious myelitis, acute epidural abscess or metastatic carcinoma All are 
ahke in producing severe disturbance of spinal cord function ivith interruption 
of all tracts at a certain level Evidence of bone destruction and ceiebrospinal 
block is mdicative of either metastatic carcinoma or osteomyelitis of vertebra 
with epidural abscess Acute infectious myehtis may almost exactly simulate 
neurosyphihs, usually the onset is abrupt, there may be ascending paralysis and 
sensory loss and pleocytosis of cerebrospinal fluid up to 1000 cells per cubic cmm 
Serology should afford a basis for distinction Post-infectious encephalomyehtis 
rarel}’’ affects only spinal cord but usually brain stem and cerebrum thus pro- 
ducing convulsions, coma, etc 

Pachymemngitis and spmal gumma aie apt to be confused only ■with tumor or 
spinal tuberculosis The serology should provide the clue for etiologic diagnosis 

RESUimS 

In general the chmcal results m treatment of spinal neurosyphihs are dis- 
couragmg Extensive spmal cord disease of any type rarely permits long sur- 
vival Most patients with complete paralysis succumb m a few months to a 
year, usually of tiophic ulcers, septicemia, bronchopneumoma, pulmonary tubei- 
culosis or acute and chrome pyelonephntis 

Our follow-up data are too madequate to be of service in ascertaining the 
prognosis Usually, if the patient did not succumb ^Ylthln a few weeks he ivas 
transferred to a nursmg home where follow up was difficult 
The uniformly poor results m these cases are tabulated below 


Results in treatment of spinal neurosyphihs 



IMPROVED 

UNCHAJ.GED 

WORSE 

DIED 

Syphilitic memngomyelitis 

4 


2 

2 

Syphilitic spinal thrombosis 

4 


1 

0 

q 

Gumma of spinal cord 

0 

u 

0 

1 

Hypertrophic pachymeningitis 

0 

0 

0 
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A Specific treatment 

Very few of these patients were treated for a sufficiently long penod of time 
to become serologically negative It is our impression that mapharsen and neo- 
arsphenaminc with bismuth and potassium iodide inll aclue\e serological nega- 
tivitj In those uho surme the spinal cord lesion the antisjpluhtio treatment 
program should bo admimstered m accordance with same pnnciples as those used 
m treatment of tabetic ncurosyphihs After routme treatment of 0-12 months, 
if cerebrospinal fluid does not improve or become normal, triTiarsamide should 
be gi\ en a tnal It is doubtful n hether malarial theiapy is ever indicated except 
possibly in the hj pothetical case vith clmical improv ement but persistent ccre- 
brospmal fluid abnormalities In such a case the malaria thempy ivould be 
indicated to prevent the dei elopment of other forms of parenebj-matous neuro- 
sj philis It should not be given vathout due dehberation because of the possi- 
bility of further damage to the spinal cord 

B General care of paralyzed patient 

From the very beginning every effort should be made to forestall the onset of 
trophic ulcers and bladder infection Scrupulous attention should be given to 
the skin over bony prormnonces such as sacrum, hips, and heels Linen should 
bo smooth, the skin should bo washed, dried and powdered and contamination 
by unno or feces avoided The patient should be turned m bed at regular 
intervals to prevent development of pressure sores Once the skin becomes red- 
dened everj effort should be made to protect it Bland antiseptics and dusting 
pow dors are advisable, no one having a distinct adv nntago over another 

Rectal and bladder incontinence require special attention The former is best 
managed bj dailj enemas of soap and water An indwelling catheter with tidal 
drainage is one of the most effective methods of preventing distention of the 
bladder and cvstitis but equally good results ma> bo obtained by penodio irriga- 
tion w ith an antiseptic solution and vvithdmwing iinne every G-12 hours Pres- 
ence of bacteria and wlutc colls are sufficient indication for sulfonamide drugs 

Weak muscles should not be stretched Sandbags should be jilaced so as to 
keep feet at nght angles Separation of legs and slight flexion at knees affords 
most comfort Regular passiv e movements to prevent fixation and contractures 
should be conducted clailv Flexion attitudes and flexor spasms niaj become 
«o annoying as to require special surgical treatment In these ca^is anterior 
rhizotomv ns used by Dr Donald hlunro, is the recommended procedure Short 
of this one can onlj put the patient on liis side and remov e some of the sources 
of cutaneous stimulation It improvement occurs, effort towaids reeducation 
of mov ement , proper sphnting, etc are advasable 
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The mam theme of this papei is the dynaimc equilibrium winch exists betMeert 
plasma protein and cell protein — the protein flow from cell to plasma or plasma to 
cell depending upon the conditions of the moment The cell can suppl3 promptlj 
protein to the plasma — e g , fibnnogen coming from the liver cell , the plasma can 
furnish promptlj to the cell its needed protein— e g , plasma protem by x ein can 
supply all the protem rquiremcnts of the body 
Vanous expenments and obsen'ations which relate to this theme maj now be 
pi esented Probablj the most important observation is that all nitrogen require- 
ments of the dog can be supplied by dog plasma given by vein This fact has 
been established bj x arious publications from this laboratory dunng the past 
elex on j cars (1, 3, 8) The dog can be maintained m a positix c nitrogen balance, 
w eight balance and a state of health for xx eeks xx hile receix mg by mouth carbohj - 
dratc, fat, minerals, and accessories and plasma protein as plasma by vein Those 
plasma proteins under these conditions are utilized without significant nitrogen 
loss as shoxxm m phlonzmizcd dogs (4) 

Table 1 illustrates xxell the conservation of mlrogcn when plasma is gticn by vein 
— there being a total positix c nitrogen balance of 7 0 gm nitrogen m Periods 9 to 
18 mclusix'e In this exponment (1) about ICO cc normal dog plasma (hoparin- 
i?cd) was gixcn dailj During Periods 5 to 8 mclusixe there xxas clinical iiiton- 
calion, w eight loss, a great surplus loss of iinnarj nitrogen, high urea and ammonia 
nitrogen, and high creatine Following Period 8 the sugar bj' mouth xxas re- 
placed b> a Cow gill diet (sucrose, dextrin, lard, butter, bone ash, a salt mixture 
plus vitamin supplements) This change efTcctcd a rapid return to a normal 
clinical state, a positix o nitrogen balance and weight balance Dunng the 
periods of intoxication (5 to 8 mclusixe) there evidently was some tiasiic mjurj to 
account for the great nitrogen siiiplus m the iinne (about 3 times the control 
amounts) The excess of creatine vxould point to muscle jirofem ns a source of 
at hast a portion of the surplus unnarv nitrogen Ex identlv the addition of fat, 
salts, and accessoncs favors a normal nitrogen metabolism m this tvpe of experi- 
ment and brings the bodj into a normal balance with xerv considerable con- 
scrxntion of the bodj protem and a X'crj' low iinnnrj nitrogen output Other 
expenments in this same paper (I) give data on after penods to show that no 

1 X\ c an mtlobted to Merck A. Companx , Inc , for a Rcncrows aupptj ot ammo acids 
W c are indcotod to Eh I ihy and Coinpanj for aid m conducting this work 
Much of tins material ixiui pre-entedat tlicAtedicnl Cintcnnml of the School of Medicine 
ol Western neserxe Univcrsitx on Octolwr 27, 1943 
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hypothetical nitrogen loss follows these periods of laige plasma protem intake 
by vein 

No significant hyperproteinemia is observed in spite of all these large mjections 
of plasma by vein Furthermore and of great significance is the fact that long 
contmued daily injections of plasma do not change sigmficantly the albumin 
globuhn ratio If albumin only was used for tissue protem supply and mainte- 

TABLE 1 


Plasma protein by vein effects positive nitrogen balance 
Dog 34-146 — Sugar, Fat, Salts, and Vitamins by Mouth 


PERIODS j 

PLASMA 
INJECTED 1 

TOTAL N ' 

UKINARY N 

UREA N -1- 

NHa-N 

CREATIilE N 

CIRC^JLATr^G 
PLASMA PROTEIN 

WEIGETT 

48 hrs 1 

EfTl 

gm 

per cent 

mg 

gm per cent 

H 

1 


8 73 

89 4 

129 

7 1 

15 9 

2 


7 58 

92 0 

96 



3 


6 37 

' 89 0 

26 



4 


6 04 

89 2 

26 


14 5 


Dog 34-146 — ^Plasma injection begun — sugar by mouth — ^intoxication 


5 

3 66 

m 

88 4 

221 

7 0 

6 

3 59 

Wmm 

90 0 

146 

7 7 

7 

3 44 


90 7 

208 

7 9 

8 

3 37 

IbI 

88 9 

340 

8 3 


Plasma injection plus protem-free diet — ^positive nitrogen balance 


9 

4 36 


88 6 

219 

8 5 


10 

4 11 


68 8 

28 

7 7 


11 

2 21 

3 70 

73 0 

26 

7 2 


12 

4 12 

3 47 

71 9 

13 

7 5 

13 3 

13 1 

4 42 


64 5 

16 

7 9 


14 

4 17 


55 1 

24 

8 0 

13 2 

15 

2 14 


56 8 

14 

7 6 

16 

4 24 

2 34 

58 2 

21 

8 2 


17 

4 12 

, 2 34 

62 7 

19 

8 4 


18 

2 02 

1 

2 36 

1 

63 3 

10 

8 5 


Plasma injection discontinued — protem-free diet continued 

19 

i 

2 44 

61 0 

31 


13 0 


Period 1 — fasting 

Periods 2, 3, 4 given 50 gm dextrose daily by mouth 


nance, then we would expect to see the unused globulins pile up m the circulation 
The fact that no such surplus appears in the blood plasma of these injected dogs 
would indicate that all these plasma proteins are useful in body protein internal 
metabolism and are used freely m such a way as to maintain a normal balance 
between the albumin and globulin fractions, at least approximating the ratio 
found m the normal dog For example, in Table 3, Dog 37-23 was given veD’’ 























HEMOGLOBIN, PLASMA PROTEIN AND CELL PROTEIN 


217 


large amounts of dog plasma by vcm and no protein bj mouth The albumm 
globulin ratio ranged from 0 9 to 0 7 during the fiie-ueek experiment Further 
nork mth the electrophoretic technique m such dogs mil be of interest 

licsene stores of protein out of nhich the body can produce hcmoglohin needed 
in anemia or plasma protein needed m hj-poproteincmio dogs are readily demon- 
strated m reported experiments 

Table 2 represents a considerable experience m protein metabolism It is 
readilj shoira in anemic dogs that the ceiling of hemoglobin production is about 
10 gm per day effected by a large intake of iron salts plus an optimum food pro- 
tein like hver The ceiling for plasma protem production is less easily attained 
and cannot be accurately measured over considerable periods The teclmical 
difficulties related to plasma depletion are considerable when rapid production 
of plasma proteins is effected bj a high protem diet Frequent and large bleed- 
ings daily mth return of the washed red cells ma> disturb the dog’s appetite and 
destroy the usefulness of available veins — therefore renders the experiment 
incomplete or terminates the experiment short of the standard period of observn- 

a ABLE 2 


Ilcmofflobtn and -plasma protein tn bodj/ circulation and in resent stores 
Bogonorative capacit) of dog 



CrtCUlATISO JtXSS 1 

UAXIUAL HECtKTlAtrVX | 
CAPACITY Ttx wrec 



im 



Ilemoglobin 

ISO 1 

50-70 

50-200 

Plasma protem 

30 

60-70+ 

30-100 


Dog 10 kilos *=> 900 cc blood \olumt 500 cc plasma volume 
20 gm and 0 gm per cent ”• normal hemoglobin and plasma protein 


tion It IS our belief that the plasma depleted dog on a liberal protem diet can 
produce more new plasma protein (70-1- gm per week) than can a standardized 
anemic dog produce hemoglobin (70 gm per week) This moans that a dog 
under favorable conditions can produce a mass of new plasma protein in 3 dajs 
cquii alcnt to its total circulating mass of plasma protein — or tn one day produce 
enough plasma protein ivluch if remaining in the circulation would raise the 
plasma protein lei el from 4 per cent (a danger zone of hypoproteinomia) to 0 per 
cent (a normal concentration) Intoxication, feicr, or unfaiorable protem in- 
take inll lessen or c\ cn obliterate this optimum fai ornblo response 

The protem reserve (Table 2) depends upon the diet intake during the control 
pcnoil preceding the deiiletion Wo do not look at this reserve store as finished 
albumin or globulin witliin bodj cells but ns cell protean which can be mobilized 
and modified w ithin the cell and contributed to the blood stream as the particular 
albumin or globulin needed 

Among the plasma proteins the most lalnlc is the globuhn^iniioycn Various 
stimuli can increase or decrease the circulating x olumc of fibrinogen — In cr injiirj 
ma\ rcihicc it lielow 0 1 per cent and acute infection (pneumonia) or tissue injurj 
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(stenle abscess) can increase fibrinogen levels above 0 9 per cent Diet also may 
modify fibrinogen levels (2) and these changes may appear within 24-48 hours or 
less It IS well estabhshed (5, 7) that fibnnogen is wholly dependent for produc- 
tion upon the normal liver epithehum 

The liver comes mto any discussion of the plasma protein We believe its 
importance corresponds to its great size and strategically situated as it is that 
it IS the master organ for protein metabolism Most of the blood from spleen, 
pancreas, and gastro-mtestmal tract floods through the organ with a modest 
additive arterial contribution (hepatic artery) Fibnnogen and prothrombm 
(10) denve from hepatic epithehum Evidence is accumulating both chnical and 
experimental to mdicate that the albuimns come from the liver and piobabl}’’ 
some or much of the globulins Contnbutions of globulins from the reticulo 
endothelium and other cells may be admitted We have the conviction that the 
great bulk of the protein syntheses ivithm the body goes on in the liver which 
supphes the energy and the site for the aggregation of ammo acids — ^furthermore 
that it is at least possible that the liver produces the fundamental proteins for 
body nutntion and use It is even possible that the fundamental protem for 
body exchange is albumin and that globuhns represent a slight modification of 
the albumm effected by the liver cell, leticulo endothehal cell, muscle or other 
body cells 

Protein 'production, utilization and exchange can be studied best m the dog which 
has been depleted of some of its essential proteins This protein depletion will 
stimulate production of the needed proteins and one can then study the utiliza- 
tion of vanous pi otems given the dog by mouth, by vein, or subcutaneously The 
experiments in Tables 3, 4, and 5 are of this nature and the method is simple 
though there are expenmental difficulties Dogs aie placed on a low protein or 
protem free diet contaimng adequate amounts of fat, carbohydrate, salts and 
•diet accessones Continued bleedmg will deplete the body of hemoglobin and 
plasma protems as well as the reserve stores of piotem matenal which contribute 
to hemoglobm and plasma protem fabrication Within 2 or 3 weeks the reserve 
protem stores are exhausted and the circulating blood will show hemoglobin levels 
of 6-8 gm per cent (normal 20 gm per cent) and plasma protem levels of 4-5 gm 
per cent (normal 6—7 gm per cent) This anemic and plasma depleted animal 
(doubly depleted dog) can now be given various protems and the new hemoglobin 
and plasma protem can be removed to mamtain the basic levels observed at the 
start of the experiment The output of new blood proteins is a reflection of the use 
made of the introduced protem and it is ob'vaous that the dog can use almost any 
protein more or less effectively to manufacture new hemoglobin and plasma 
protem (9) The use made of the piotem and protem digests is of particular 
interest at this time These experiments measure quantitatively the blood 
protem production of the dog stimulated to maximal effort by prolonged deple- 
tion and lowering of hemoglobm and plasma protem levels m the circulatmg 

blood 

These doubly depleted dogs on a protem-free diet can produce practically zero 
new hemoglobm and plasma protem and furthermore, — they are very susceptible 
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to anj tj^ie of infection and many tj-pes of intoxication Thej cannot endure 
this depleted state mdefimtely and loss of appetite often terminates an expen- 
ment — the duration often being 3 to 6 months Detailed description of the 
individual clmical liistones, methods, and digests arc given elseivhere (9) 

Table 3 shoMS clearlj that dog plasma can supply protem matenals out of 
iihich the depleted dog can manufacture new hemoglobin m considerable quanti- 
ties AVhen one gives dog plasma by v'ein to a depleted dog it would not be 
surpnsmg if the subsequent continued daily bleedings removed most of the 
introduced plasma protein On the contrary, the new hemoglobin is produced 
promptly and m large amounts — ev'en in excess of the removed plasma protein 

TABLE 3 


Production of hemoglobin and plasma protein due to dog plasma and beef serum digest 




1 MOTEIV IVTAKE 1 

\ pBOTEiN otrmrr 

1 

PKODUCTIOV 

rtBlOD 

1 WEEK 

WT 



1 Hemoglobin I 

1 Plsisma pTotein | 

PUtSItA 

PBOTIISTO 


Type 

^V«ekly 

Level 

Output 
per wk 

Level j 

Output 
per wk 

tTEUP. 

OLOBIS 


Dog No 37 23 Whole fresh dog plasma by vein — 60% return 



m 


tm 

tm % 

tm 

tm % 

(m 

% 

1 


Basal 

76 

10 1 

12 4 

4 1 

5 4 


2 

m 

Dog plasma 

151 

8 3 

50 0 

7 1 

33 4 

67 

3 

16 6 

Dog plasma 

164 

7 8 

41 1 

6 8 

31 9 

78 

4 

16 2 

Basal 

38 

7 6 

30 5 

5 7 

22 8 

75 

5 

10 0 

Basal 

38 

7 4 

_ . 

22 6 

4 8 

15 1 

07 

Total output net 

125 


100 

87 


Dog No 37-23 Beef scrum digest KB 2-47 by vein — 30% return 


1 

bh 

Serum digest 

74 

7 5 

1 G 

4 8 

0 


2 

I3l 

Serum digest 

117 

7 7 

45 2 

5 1 

22 1 

61 

3 


Serum digest 

117 

7 7 

1 0 

4 8 

0 


4 

14 6 

Basal 

19 

8 8 

17 0 

4 6 

7 2 

42 

5 

14 0 

Basal 

19 

8 8 

1 0 

4 6 

0 


Total output net 

77 


27 

35 


It has always seemed to us improbable that the nucleated red cell (a degenerat- 
ing nucleus) could accept ammo acids and accomphsh the arduous task of hemo- 
globin synthesis and fabncation With the demonstration that plasma protem 
can contribute freely to new hcmoglobm production, we may assume that the 
plasma proteins together with iron gam access to the red cell and are modified by 
enzymes, perhaps supplemented by nuclear dismtegration products, to form 
abundant new hemoglobin For every 100 gm of plasma protem introduced wo 
find GO gm now hemoglobin and plasma protein remov cd In this typo of expen- 
ment there is little if any urinary mtrogen excess associated with the plasma 
in)cct!on We may assume that the remainder of the introduced protein was 
used to supply other protein needs of the body 
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Serum digests (Table 3) like casein oi other protein digests do contribute mate- 
nals out of which the body makes new hemoglobm and plasma protem The 
ratio m favor of new hemoglobm is 3 to 1, m spite of the fact that this digest is 
obviously made up of matenals perfectly smted to new plasma protem fabrica- 
tion Compare Table 5 and hemoglobin digests by vem 
Table 4 shows that dog hemoglobin can furnish matenals which supplemented 
by protem materials already in the body can make abundant 'plasma protein In 
our first expel iments the hemoglobin was given by vein and only small amounts 
could be admmistered due to the low renal threshold for hemoglobm The re- 
sults were not convincing but ivhen hemoglobin was given mto the peritoneal 

TABLE 4 


Production of hemoglobin and plasma protein due to dog and sheep hemoglobin given 

intraperitoneally 


1 


PROTEIN INTAKE j 

PROTEIN OUTPUT 

PRODUCTION 
RATIO 
FLASUA 
PROTEIN TO 

PERIOD 

I 'WEEK 

■WT 

1 Tjpe 

1 Weekly 

Hemoglobin 

Plasma protein 



Level 

Output 

per wL 

Level 

Output 
per wk 

HEMO- 

GLOBIN 


Dog No 35-6 Dog hemoglobin in peritoneum — 123% return 



ig 


gm 

% 

gm 

gm % 

gm 

% 

1 

15 8 

Fast 

0 

12 0 

16 4 

5 7 

12 2 

74 

2- 

16 1 

Hb 24 8 gm 

33 

12 3 

44 6 

4 9 

18 2 

41 

3 

16 8 

Hb 31 9 gm 

39 

9 1 

60 2 

46 

23 1 

38 

4 

14 9 

Hb 21 5 gm 

30 

8 8 

4 6 


2 6 

57 

5 

14 8 

Basal 

7 

10 2 

9 8 

4 4 

3 8 

39 

Total output net 

102 


38 

37 


Dog No 40-29 Sheep hemoglobin in peritoneum — 150% return 


1 

10 6 

Basal 

36 

8 1 

1 7 

4 6 

— 

'2 

10 4 

Hb 37 3 gm 

36 

8 0 

45 3 

5 2 


3 

9 7 

Hb 14 1 gm 

14 

8 0 

1 8 

4 4 

mm 

4 

9 4 

Basal 

0 

9 9 

2 0 

3 8 

n 

Total output net 

62 


16 


cavity, large amounts were given vuthout hemoglobmuna and the expenments 
are decisive More new hemoglobm and plasma protem are removed than pro- 
tem given and we may assume complete conservation of the injected hemoglobm 
plus a supplement taken from body protem Abundant new hemoglobm is 
formed plus the usual amoimt (one-third) of new plasma protein and the plasma 
protem circulating level is not seriously depleted 

Sheep hemoglobm can be used under these conditions but the mjection was 
discontmued after 10 daiis to avoid any sensitization reaction The reaction to 
dog and sheep hemoglobm seems to be much ahke 
Hemoglobm digests (Table 5) are well used when given by vem — digests made 





















220 


G H. WHIPPLE AND S C AIADDEN 


Serum digests (Table 3) like casern oi other protein digests do contubute mate- 
rials out of which the body makes new hemoglobm and plasma protein The 
ratio in favor of new hemoglobm is 3 to 1, m spite of the fact that this digest is 
obviously made up of materials perfectly smted to new plasma protein fabrica- 
tion Compaie Table 5 and hemoglobin digests by vem 
Table 4 shows that dog hemoglobin can furmsh mateiials which supplemented 
by pi otem materials already in the body can make abundant plasma protein In 
our fiist expeiiments the hemoglobin was given by vem and only small amounts 
could be admmisteied due to the low renal threshold for hemoglobin The re- 
sults were not convincmg but when hemoglobin was given mto the peritoneal 

TABLE 4 


Production o/ hemoglobin and plasma protein due to dog and sheep hemoglobin given 

intraperitoneally 


1 

i 

1 

PBOTEIN INTAKE | 

PROTEIN OUTPUT 

PRODUCTION 
RATIO 
PIASUA 
PROTEIN TO 

EEUIOS> 

1 WEEK 

\VT 

Type 

Weekly 

Hemoglobin 

Plasma protein j 



1 Level j 

Output 
per wk 

Level j 

1 Output 
per wk 

KEUO- 

GtOBIN 


Dog No 35-6 Dog hemoglobin in peritoneum — 123% return 



ks 


S>» 1 

SM % 

gm 

m % 

gm 

% 

1 

15 8 I 

Fast 

0 i 

12 0 1 

16 4 ! 

5 7 

12 2 

74 

2 1 

16 1 

Hb 24 8 gm 

33 

12 3 

44 6 ; 

4 9 

18 2 

41 

3 

15 8 

Hb 31 9 gm 

39 

9 1 

60 2 

4 6 

23 1 j 

38 

4 

14 9 

Hb 21 5 gm 

30 

8 8 

4 6 


2 6 

57 

5 

14 8 

‘ Basal 

7 

10 2 

' 9 8 

1 

4 4 

3 8 

39 

Total output net 

102 


' 38 

37 


Dog No 40-29 Sheep hemoglobm in peritoneum — 150% return 


1 

'2 

3 

4 

10 6 

10 4 

9 7 

9 4 

1 

Basal 

Hb 37 3 gm 

Hb 14 1 gm 
Basal 

1 36 

36 

14 

1 0 

1 

8 1 

8 0 

8 0 

9 9 

1 7 
! 45 3 

1 1 8 

2 0 

I 

4 6 , 

5 2 

4 4 

3 8 


44 

1 

Total output net 

i 62 

[ 

1 

; 16 

26 


cavity, large amounts were given without hemoglobmuna and the experiments 
are decisive More new hemoglobm and plasma protein are removed than pro- 
tem given and we may assume complete conservation of the injected hemoglobin 
plus a supplement taken from body protem Abundant new hemoglobm is 
formed plus the usual amount (one-third) of new plasma protein and the plasma 
protein ciiculatmg level is not seriously depleted 

Sheep hemoglobm can be used imdei these conditions but the mjection was 
discontmued after 10 days to avoid any sensitization reaction The reaction to 
dog and sheep hemoglobm seems to be much ahke. 

Hemoglobm digests (Table 5) are well used when given by vem — digests made 
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Assuming that the body can manufacture these essential proteins ivith such speed, 
it 13 ivell to supply digests or ammo acid nuxtures even when plasma must be 
given for the acute emergency to mamtam the circulating volume These digests 
are effective by vem, subcutaneously, mtrapentoneally, or by mouth Infection 
and intoxication may slow the response and utihzation of these digests 
The passage of large protein molecules across cell borders must be admitted, 
however we choose to explam this phenomenon (11) Fibrmogen must escape 
from the hepatic cells, and plasma proteins, when given by vein to mamtam 
mtrogen equilibrium, must enter various body cells One reason why it is diffi- 
cult to discuss this topic is the fact that the early work on cell membrane passage 

TABLE 7 

Produclton of hemoglobin and plasma protein due to ten aunno acids necessary for growth 

(Rose) 



1 PaOteiN INTAKE 1 

1 P20TEIN OinriTT j 

FsoDPcrtov 




1 Hemoglobin 

1 Fluma protein j 

&ATXO 
FCASUA 
PSOTZIV TO 
QEUOOtOSIN 


Type 



Output 
per nk 

Level 

Output 
per vk 


Dog No 40 32 \mino acid mixture Vc daily— 23% return 





tm 

tm % 


rm % 

1 ! 


1 

13 9 

IBasal 


G 8 

1 7 

4 7 

mm 


2 

13 8 

Ammo ft — oral 

177 

8 8 

18 5 

4 8 

131 


3 

12 9 

,rUnino a — oral 

177 

7 5 

38 0 

4 9 

■SH 

52 

4 

12 8 

Ammo a —vem 

177 

8 8 

15 8 

1 7 

mm 

49 

5 

12 6 

Basal 

9 

8 8 

1 G 

3 9 

9 


Total output net 

89 


34 

38 


Dog No 37-S2 iVmino acid mixture Vc daily — 40% rctura 


1 

12 0 

! Basal 

10 

■a 

7 1 

HI 

4 3 

G1 

2 

11 8 

Vinino a — oral 

117 

HI 

IG 8 


7 2 

13 

3 

n 1 

4mmo a — oral 

00 

HI 

22 4 

■n 

12 3 


4 

10 G 

! Basal 

0 


10 5 

4 2 

3 3 

32 

5 i 

9 8 

1 Basal 

0 

1 9 4 

1 9 

1 2 

0 

0 

Total output not 

W 


20 

31 


was done upon unicellular organisms uluch are delimited by a tough and obvious 
raembrano The cell border of an activ e liver cell is a v cry different thing and 
certainly allous ready passage of largo protein molecules to and fro from cell to 
blood and the reverse It is at least possible that tho liver cell (and other bodv 
cells) have boundaries consistmg of Upids and proteins mcluding enzjmes which 
could be responsible for tlus rcadj passage of protein molecules 

Our concept of a large ■protein pool including the circulating plasma proteins 
and mobile cell proteins emerges from this discussion The contnbutions to tlus 
pool derive largely from the liver and the withdrawal from tho pool maj concern 
auj body cell needing protem or capable of stormg some surplus protein From 
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in proportions given elsewhere (9, 6) The mixtuie is effective by mouth or by 
vem There is no toxicity observed when given rapidly by vem When the 
protein equivalents of these am m o acid mixtures are figured, we note that 100 
gm protem equivalent causes the production of 23-46 gm of new hemoglobm 
and plasma protein 

These depleted dogs (anemic and hypoprotemermc) can use whole plasma 
(plasma protein) to make much new hemoglobin Serum digests are used in the 
same way to make hemoglobm and plasma protein but not as effectively as is 

TABLE 6 


Production of hemoglobin and plasma protein due to a casein digest 




PROTEIN INTAKE 

PROTEIN OUTPUT 

production 

PERIOD 

1 WEEK 

WT 

Type 

1 

Weekly 

Hemoglobin 

1 

Plasma protem 

1 

FIASUA 
PROTEIN TO 



Level 

Output 
per wL 

Level 

Output 
per wk 

heuo- 

GtODIN 


Dog No 40-155 Casein digest P36092 — ^25% return 



kt 


gm 

sm % 

gm 

m % 

gm 

% 

1 

15 1 

Digest-vein 

182 

5 1 

41 1 

6 6 

20 0 

51 

2 

14 8 

Digest-vein 

188 

6 9 


6 5 

16 7 

84 

3 

14 0 

Basal 

26 ' 

6 8 


6 0 

8 2 

85 

4 

13 3 

Basal ^ 

30 ' 

5 9 

10 7 

5 9 

7 4 

72 

Total output net 

62 


45 

73 

1 

nni 

Digest-oral 

144 

6 3 

27 5 

5 0 

17 8 

67 

2 


Digest-oral 

136 

6 3 

1 3 

5 5 



3 

B 

Digest-oral 

131 


13 9 

5 3 

8 1 


4 

B 

Basal 

18 


22 5 

4 8 

12 2 


Total output net 

73 


38 

H 


Dog No 37-82 Casein digest P36092 — 44% return 


1 

14 9 

Digest-vein 

188 

10 5 

62 7 

5 1 

29 2 

49 

2 

13 7 

Digest-vein 

181 

8 7 

38 0 

5 5 

17 0 

47 

3 

12 7 

Basal 

20 

8 0 

28 6 

5 5 

14 4 


4 

12 1 

Basal 

1 27 

5 7 

22 2 

5 1 

12 2 



Total output net 

116 


71 

61 


observed when whole plasma is given Hemoglobm cannot be contributed to the 
body protem pool except when the red cell is broken up Hemoglobm is then 
saved, supplemented, and recast mto new protem dependmg upon body needs 
and much of this rescued hemoglobm or globm may contribute to the building of 
plasma protem 

These experiments have a direct bearing upon clinical problems, such as paren- 
teral administration of protem material adequate for body nutrition Shoe' 
and post-operative therapy brmg other related problems before the physician 
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Assuming that the body can manufacture these essential proteins mth such speed, 
it IS well to supply digests or ammo acid nuxtures even when plasma must be 
given for the acute emergency to mamtain the circulatmg volume These digests 
are effective by vein, subcutaneously, mtrapentoneally, or by mouth Infection 
and intoxication may slow the response and utihzation of these digests i 

The passage of large protein molecules across cell borders must be admitted, 
however we choose to explain this phenomenon (II) Rbrmogen must escape 
from the hepatic cells, and plasma proteins, when given by vem to mamtain 
mtrogen equilibrium, must enter various body cells One reason why it is diffi- 
cult to discuss tins topic is the fact that the early w'ork on cell membrane passage 


TABLE 7 


ProiucUon 0} hemoglohtn and plasma protein due to ten amino acids nccessaru for growth 

(Rose) 



i 

[ riOTEm IKTARE j 

j raOTElM QOTPtlT 

pxopi;(mo;v 

PCJUQO 

1 ncEk 

VfT 1 



1 Hemostobin j 

1 PiAsm& protem j 

KATIO 

PIASMA 


Type 

\VmU> I 

Ltvel ! 

1 

Output 
per wX 

[ Level 1 

Output 
per wk 

U£U0CL08IX 

! 


Dog No 40 32 Ammo acul mixture Vo daily— 23% return 



it 


tm 

tn % 

tm 

m % 

1 Irt 

% 

1 

13 0 

Basal 

34 

6 8 

J 7 

4 7 

n 


2 

13 8 

\mino a — oral 

ITT 

8 8 

18 S 

4 8 


— 

3 

12 0 

Ammo a —oral 

177 

7 6 

38 0 

4 0 



4 

12 8 

vVmino ft -—vem 

177 

8 8 

15 8 

4 7 

■ra 


5 

12 0 

Basal 

0 

8 8 

1 B 

3 9 

0 

■■ 

Total output net 

so 


31 

38 


Dog No 37-82 Amino acid mixture Vo dail>— 10% relum 


H 

12 0 

) Basal 

40 

7 7 

7 J 

4 6 

llgg§ 



11 8 

Vnuno a — oral 

117 

9 1 

16 8 

4 8 



WM 

11 1 

Ammo a — oral 

60 

0 1 j 

22 4 

4 7 

FREI 


■■ 

10 a 

Basal 

® i 

8 1 j 

■oU 

13 

'HHi 



0 8 1 

Basal J 

0 1 

9 4 

19 j 

mBi 



Total output not 

“ 1 


ai / 

31 


was done upon unicellular organisms which am dehimted by a toueb mdobum 
membrane The cell border of an acUie liver cell is a ler. diJctvat tbrngsud 
certainly allows ready passage of largo protem molecules topgdfiofm txllw 
blood and the reverse It is at least possible that the hier cell (■mdoticM 
on '=“nB°f bpidsaadproicmsmduik^eimiuairt 1 

could be responsible for thm ready passage of protem luo/eeu// 

Our concept of a large -prolcm pool taeludwg ibearculstmgpl^pt'^-" 
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this protein pool may be derived hemoglobm, new plasma protem or cell protein. 
The circulatmg plasma protem is the medium of exchange and the body is solvent 
]ust so long as there is adequate protem supplies for any emergency. When the 
body becomes insolvent, there may be a foreclosure due to disease, infection, or 
m]ury. 
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THE PATHOGENESIS OF CUSHING’S SYNDROME 
PETEK HEINBECIflER, M D » 

From the Department of Surgery and Barnes Hospital, Washington University School of 
Medicine, St Louis, Missouri 

tKinoDvenos 

In 1932, Cushing (1) described a clinical syndrome with the loUoiving charac- 
teristics (o) painful adiposity confined to the face, neck and trunk, (6) kyphosis 
of the upper thoracic spine, (c) hypertnchosis of the face, neck and trunk in 
females, pieadolescence m males, (d) dusky plethonc appearance of the skm 
mth purplish lineae atrophicae on the abdomen and thighs, (e) hypertension, 
(f) vanable backaches, abdonunal pains and ultimately extreme neakness, 
(ff) dryness of the skin noth acne and susceptibility to sbn mfections Other 
features frequently but less consistently present were hyperglycemia, glycosuiia, 
diminished sugar tolerance, poljphagia, polydypsia, osteoporosis, bronze pig- 
mentation of the skin, cutis marraorata and purpuric ecchymoses 
Of the twehe cases reported on by Cuslung, thiee had a small but definite 
basophil adenoma, two an undifferentiated adenoma and one a questionable 
adenoma of the hypophysis Two had grossly normal pitmtaty glands Al- 
tliougli aware of the fact that clinically similar syndromes liad been found as- 
sociated w ith tumors of other endocrine glands particularly the adrenals, Cushing, 
nevertheless, hypothesized that the primarj' cause of the disturbance was a 
basophil adenoma of the hypophysis 

It has since been established that basoplul adenomas frequentlj are found 
unjssociated with Cushing’s sjndrorae, and this syndrome is found without 
associated basophil adenomas Instead, hyperplisia of the adrenal cortex, a 
benign or malignant tumor of the adrenal cortex, are the more frequent findings 
Irrefutable proof of the association of the adrenal tumor with the symptom com- 
plex IS afforded by the demonstration that a striking remission of symptoms 
■naj occur follow mg removal of the tumor (Raaid (2), 1942) The entire ques- 
tion of pathogenesis, however, remained confused because of the many typical 
cases in which no one pathological condition was consistently found 
Such a condition was finally established by Crooke (3) (1935) who described 
w a senes of 12 cases, a peculiar liyalinizatioii of the basophil cells of the hj poph- 
Jais Of Ills senes, in sux, there was a bisoplnl adenoma, in three, an adrenal 
tumor and in three, a thymus tuinoi Fiom his ini cstigations Crooke contluded 
that the cliango m the basophils indicated an alteied phj siological acti\ ity wluch 
"as fundameiiUlly significint m the pathogenesis of Cushing’s syndrome 
Rasmussen (4) (1930) also noted this lijalimzation of the basopliU tells in tliree 
of clmical basophilism in one of which there was a basophilic adenoma, 
“> one, an adrenal tumor, and m the third, neither Ho has suice examined 
•idditional eases all of which liaxe shown tlio cliange (personal eommiuiic.ition) 

’ Itccipiont of a smut in-aid-of research of the Comnioiiucalth 1 iintl ^ 
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One other obvious site, namely, the hypothalamus, lemamed unexplored m 
the seaich for a pnmaiy seat of distuibance leadmg to the changes found in 
Cushmg’s syndrome For example, it has been shown (Heinbecker and White 
(5), 1942) that a piopeily locahzed lesion involvmg the hypothalamic nuclei, 
particulaily the paued paraventricular nucleus, invaiiably gives rise to obesity 
Associated with this condition, pioduced expeiimentally m dogs, theie have also 
been found many of the changes m othei organs and tissues which are eiudent 
at autopsy in persons dying of basophihsm 

This repoit covers an mvestigation of six cases exhibitmg Cushmg’s syndiome 
in five of winch the hypothalamus was available for study In all these five, 
well maiked hyahmzation of basophil cells was found In fom, defimte changes 
m the hypothalaimc nuclei, particulaily the paiaventiicular nuclei, were noted 
In none of these four was an adienal tumoi present In the fifth case m which 
a mahgnant adrenal tumor was found at autopsy, no hypothalaimc lesion was 
present In the sixth case an adienal tumoi was lemoved at opeiation but the 
biam was not avadable for study 

The conclusion noiv seems permissible that eithei an adienal tumoi oi hypo- 
function of the paiaventncular hypothalamic nuclei may be piimary causes 
of the basophil degeneiation which in turn is the immediate cause of many of 
the typical findmgs of Cushmg’s syndrome Evidence will be presented to 
suggest that the hypothalamic dysfunction may lead to hyahmzation of the 
basophil cells thiough an mci eased effectiveness of the hormone secreted by 
the adienal coi tex In this way a common pathway foi influencing the hypoph- 
ysis is found foi the vaiious prunaiy distuibances which lead to Cushing’s 
syndiome 


CASE RECORDS 

A brief clmical histoiy of the cases, togethei ivith the autopsy or biopsy 
findmgs IS fiist given 

Case I White, marned female, age 33, well until five years before admission to Barnes 
Hospital when she began to notice increased hair growth on face, blurring of vision an 
slight ankle edema During her five years of illness she periodically experienced polypha- 
gia and polyuria For two years before admission she suffered from ulcers on her legs Her 
skin became dry and scaly, she developed stiffness and weakness of her muscles Frontal 
headaches, drowsiness were present for two years For the past year she did not men- 
struate During the six months prior to her death her face became full and rounded, hei 
complexion florid In five years her weight increased from 160 to 208 pounds Purple 
striae appeared over the lower abdomen and thighs Physical examination on admission 
revealed a patient u ith an appearance typical of Cushing’s syndrome She had hyperten- 
sion 200/140, a diminished sugar tolerance, basal metabolic rate —22, daily urine output 
varied from twm to five liters, NPN, 35 mg per cent 

The patient’s chief reason for being in the hospital was to have the ulcerations on her 
legs treated The ulcers became infected and the infection spread widely beneath the skin 
and muscles A streptococcal septicemia finally caused her death 

The essential autopsy findings were hyalmization of the cytoplasm of the basophil cells 
of the pituitary, basophilic invasion of the posterior lobe of pituitary, increased pigmenta- 
tion of the inner zone of the cortex of adrenal, obesity of trunk and face, hirsutism, striae 
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of skin of ibdomcn iinii ntlil thigh, uiihcilcil iiifectcil 'impiitatioii luiiind of loft knee, 
ilraiiiiiig tt oiiiiils of leftslioiildcr ( disccss dr lined 13 dm s igo) , lie ilcd ii oiiiids of rifclit low er 
let {leiiirrtnt ulcers), edema of subeulancoiis tissue of light lower leg, i cchjmosis with 
supeihci i\ bull ic of skin of the left thiik, edema iiid congestion of Uiug3,eoiigeslion of liver, 
fociil fattj degeneration of liver, foeal fittj degeneration of kidiiejs, hj peniliibi i of spleen, 
atrophj of pinereas (lo grams), lij pcrostosis of bones of skull, focal neciosis with intra- 
nuclear iiieliision bodies ill adrenal and liver, simple evst of the ovarj (10 \ 10 \ b cm ) 
No pituitm ‘idcnom V w'la prciont 

Serially cut bcctioiib 20 nul 8 mm in thickness throuth thi prcoptic uul h} poth il imic 

regions slaincduithcre3>l\^olct revealed msrkedlobb md \troph> of the nerve cells in the 

\ariou 3 nuclei of this rcbion (hb 1) fhcbc clnnges were pirticuhrlj striking in tlic 
suprioptic ■Mul the paraventricular nuclei 'Ihe cpeiuhmal lining cells of the third ven- 
tricle showed a biinilar atrojihj Round tell iidiltration w is htking While the blood 
vts'^clb sUowtd uUimd tlucktnmg uiwl v vciudization of tlu emlothcUal Uiung cells, buch 
changes were not specific for these regions Sections ut re ( ikon iit random from the th ila- 
nuis md hr un stem and even w lien the> showed vobbcl changcb showed no nude ir Uroplij 
siiml ir to th it been m tlic li> pothal mms 

Cate II W'hite married female age 2h, wlio inteicd the liospital bccaubc of gencril 
wiakucsb aincnorrliea, aclung puns m the joints mcicibi in the size of face, neck md 
ihdonun md m irked cutibinarmor it i of the thighs and kg^of two v cars' durition Hcid- 
athc md ilirzmcbS li id been marked for 8i\ months 1 or five w eeks prior to idmi>'Siun she 
h id s< vero pam in tlie clicst, i cough and fever 

Jfer illness followed a nuacirri igc m the third month of pregnancy lu two >e irs her 
weiglit inert istd from lOS to loO pounds 

1 Mmiiuitioii m the hospital reveiUd m ippeii nice tvpicil of C Ubhing's bvndromo 
I he lilood pressure w ib 210/170, the fubtiiig blootl sugar Jlo mg jicr cent, her sug ir tolt r- 
uire was in irkedly dunnuslicd lilood cholcbti lol 102 mg per cent, the b ibal met tbobsm 
w is — 1 m spile of a lu irked pjogcinc iiifcetiun m the chcbt it the limp \-r i\ bhowed 
marked dcniiiu r dir ition of all hones Occisioni), mild pol>urii w is rciiorted Shorth 
before dt ith tlie p itii nt devclopcil multiple ibbccbs of the bkm De itli resulted from the 
latter, tlie chibt infection aiul mere ising c irdiac wcakncb> 

\utops\ revealed p irti il hj Uimz ition of bibopbii tells of the jutintari , obesit) of the 
face md trunk, hirbUtibin, osteoporosis of ribs ami vertebr lo, h>pertroph> md dilatation 
oftliohcirt edema of hands ankles md ft et, striae of abdomen, chest and ivilhie, bilate ral 
ah-jtibbes of chest wall, Obteoinjclitis of nbs and twelfth thoracic vertebrae, serofibrinous 
pleuns> , right, purulent posterior mediabtiiutis multiple ib''CL'vses of kidntvs and he irt , 
fittj degeneration of liver 

''cn il 20 micron biclions of the h>potli ilaiiuc regions of the brnm bhowed p itelij loss of 
edlri m the supr i optic thop inventneul ir, tho posterior h>poth ilaime md in imniill ir> 
mull I 1 he t pend>m il cells lining the third ventnek aliuwi d blight but dofmitt itroph> 
In bome areas pirtuul irlj in the bupr loptie mtl p iriventruul ir nuclei, the cells ire iiioro 
closeI> packed <luo lo v collapse tjf the supporting tissue 

Cdtp in White nude, n^e U>cirs,weU until 20 months igo win ii he div doped weak 
noHs of his hack, this progressed ilunng the jcir until he was unable lo w ilk without 
crutches '*'Oon afte r tlie on-ct of the wcakiKss he idichcs ilbo wi re note d "av months 
prior to admibsion gciicr d 111 iluiM bceuim mirked during the p ibt jenr obcsiti of nick, 
fice md trunk developed Purple stnai apiKindonthc ibdomcn t lu re u is m irked 
cutis nurmorit i over the kgs In the hospit d the pituiit pri'-ented the ipjn iriiue tvpi- 
V ij of Cu lungs bViidromo llie rkiklon showed geiurabzed ekealcificatioii \ renal 
takuliis was p isMii into thi 1,1 nld. r md umoveel 1 1.e blood pn^.urc on mlmi^Moi, u is 
1^) UO. basd metabolism urim mgitivi for Migir, fahtm„ blooil Migur 72 nu 
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per cent, blood choleeterol, 295 mg per cent Death resulted from weakness and cardiac 
failure 

At autopsy the following findings were recorded partial hyalinization of basophilic cells 
of the pituitary, adenoma of basophilic cells of pituitary, arteriosclerosis, generalized, 
arteriolar nephrosclerosis, cardiac hypertrophy and dilatation, congestion of spleen, edema 
of ankles, obesity of trunk and face, hirsutism, osteoporosis, extreme, kyphosis and scolio- 
sis of thoracic aud lumbar vcrtch roe, atrophy of muscular sj stem, ecchymoses of skin o\ er 
left knee and left ankle, draining sinus of right knee, hypertrophy and hyperplasia of islands 
of Langerhans, suppression of secondary spermatogenesis, fat involution of the parathy- 
roids, involution of the thymus, atrophy of the right adrenal, hypertrophy of the left 
adrenal, internal hydrocephalus, slight 

Serially cut 20 micron sections of the preoptic and hypothalamic areas of the brain re- 
vealed loss and atrophy of the cells in various nuclei of these areas The loss of cells naa 
particularly marked in the paraventricular nuclei The cells of the supraoptic nuclei rela- 
tively were well preserved 

Ca^e IV White male, ago 53, five feet, eight inches m height, well until 1918 when at 
the age of 33 ho developed thrombophlebitis of the left leg During next four years he had 
one or livo attacks of thrombophlebitis of the left leg each year In 1925 he developed clini- 
cal symptoms of duodenal ulcer In 1931 ho had an attack of gallstone colic His ulcer 
symptoms recurred periodically until 1933 His gallbladder symptoms lasted only about 
eight months In 1935 ho again developed recurring attacks of thrombophlebitis in the right 
leg X-ray examination revealed calcification of arteries of tho log By 1910 marked 
kyphosis with demineralization of tho spmo had developed In 1020 a sugar tolerance test 
revealed a somewhat greater than normal tolerance, another m 1035 was not abnormal 
By 1940 a n ell marked diabetic state existed, hypertension, 200/100, also was present Up 
to 1939 tho blood pressure had not been over 130/80 Only moderate obesity was over 
noted, his maximum weight was ISO pounds It existed up to tho end of 1038 but after that 
his weight decreased slowly so that at tho time of death in 1940 bis weight varied from 13G 
to 100 pounds Patient was plethoric m appearance with prominent eyes Ho died of 
progressive cardiac failure 

At autopsy tho findings were partial hyalinization of bosopliilic cells of tho pituitary, 
basophilic adenoma (2 mm m diameter) focal hyperplasia of parathyroids, adenoma of 
parathyroid m superior mediastinum (3 x 3 x 4 cm ) generalized osteoporosis, mucoid 
atrophy of bono marrow, extramedullary Ucmatopocsis m spleen, nodular goiter, hyper- 
plasia of adrenal cortex, arteriosclerosis of arteries, massive caseous tuberculosis of pros- 
lalo, mdmry tubercles m lung, Uverand spleen, sclerosing mastoiditis, bilateral, suppura- 
tiv 0 mastoiditis, Icf t , bronchopneumonia, slight internal by drocephalus , fibrous thickening 
of leptomcningcs, subarachnoidal hemorrhage 

Serially cut 20- and 8 mm sections of tho prcoptic and hypothalamic nuclei stained w ith 
cresjl Violet showed definite loss and atrophy of tho cells in tho hypothalamic nuclei par- 


Fio I PiiOTOMicnOQiuPns op Vaiuols AatAs op IlyroxirALAMUs rnoM Casl I, togethlii 
wiTU CoNTnoLS rnoM ConnEbPONniNo Akbas ot a Nomjvn Biuis 
A— prcoptic area, X 50, normal brain supraoptic nucleus, X 50, Case I C— supra- 

optic nucleus, X 50, normal brain I>— supraoptic nucleus, X 50, Caao I F— paraxen- 
Incular nucleus, X 45, normal brain h — paraventncular nucleus X 45, Case I (7— 
caudal dmsion, supraoptic nucleus, X. 45 normal brain II — caudal division, sunraontic 
nucleus, X 45, Case I /—caudal division, supraoptic nucleus, X 13, normal brain J — 
caudal dnision supraoptic nucleus, X 13, Case 1 /C—supraoptic nuclear cells, X 900 
from F,g C ^supraoptic nuolMr cells, X 000, from lig D U-para\cntncular 

■ F 0 

^ , . , Note 

[exhibiting Cushing's syndrome 


irom big c ^supraoptic nuclear cells, X 900, from big D U— paraventr 

imclcar cells, X 900, from bit, D V— paraventricular nuclear cells, X 900 from Fig 
u' ■15, normal brain F—manmulliry nucleus, X 45, CaaO I 
alrophv and lossof cellsm tho \ar10a3 nuclei from Case I exhibiting Cushing's sym 


when compared with tho normal 
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per cent, blood cholesterol, 205 mg per cent Death resulted from u eakness and cardiac 
failure 

At autopsy the following findings were recorded partial hyalinization of basophilic cells 
of the pituitary, adenoma of basophilic cells of pituitary, artenoscleroais, generalized, 
artenolar nephrosclerosis, cardiac hypertrophy and dilatation, congestion of spleen, edema 
of ankles, obesitj of trunk and face, hirsutism, osteoporosis, extreme, kyphosis and scolio- 
sis of thoracic and lumbar vertebrae, atrophy of muscular sj stem, ecchymoses of skin over 
left knee and left ankle, draining sinus of right knee, hjpertrophy and hyperplasia of islands 
of Langerhans, suppression of secondary spermatogenesis, fat involution of the parathv- 
roids, involution of the thymus, atrophy of the right adrenal, hypertrophy of the left 
adrenal, internal hydrocephalus, slight 

Serially cut 20 micron sections of the preoptio and hypothalamic areas of the brain re- 
vealed loss and atrophy of the cells in various nuclei of these areas The loss of cells was 
particularly marked in the paraventricular nuclei The cells of the supraoptic nuclei rela- 
tively were well preserved 

Case IV White male, age 53, five feet, eight inches in height, well until 191S when at 
the ago of 33 ho developed thrombophlebitis of the left leg During next four years he had 
one or two attacks of thrombophlebitis of the left leg each year In 1025 he dev eloped clini- 
cal symptoms of duodenal ulcer In 1031 he had an attack of gallstone colic Hia ulcer 
symptoms recurred periodically until 1938 His gallbladder symptoms lasted only about 
eight months In 1935he again developed recurring attacks of thrombophlebitisin the right 
log X-ray examination revealed calcification of arteries of the leg By 19-10 marked 
kyphosis with demineralization of the spine had developed In 1028 a sugar tolerance test 
revealed a somewhat greater than normal tolerance, another in 1935 was not abnormal 
By 1940 a well marked diabetic state existed, hypertension, 200/100, also was present Up 
to 1039 the blood pressure had not been over 130/80 Only moderate obesity was o\er 
noted, his maximum weight was ISO pounds It existed up to the end of 1038 but after that 
his weight decreased slowly so that at the tmic of death in 1940 his weight varied from 130 
to 100 pounds Patient was plethoric in appearance with prominent eyes He died of 
progressive cardiac failure 

At autopsy the findings were partial byalinization of basophilic cells of the pituitary , 
basophilic adenoma (2 mm in diameter) focal hyperplasia of parathyroids, adenoma of 
parathyroid in superior mediastinum (3 x 3 x 4 cm ) generalized osteoporosis, mucoid 
atrophy of bone marrow, extramedullary hcmatopecsis in spleen, nodular goiter, hyper- 
plasia of adrenal cortex, arteriosclerosis of arteries, massive caseous tuberculosis of pros- 
tate, miliary tubercles in lung, liver and spleen, sclerosing mastoiditis, bilateral, suppura- 
tive mastoiditis, left, bronchopneumonia, slight internal by droccphalus, fibrous thickening 
of Icptomeninges, subarachnoidal hemorrhage 

Serially cut 20- and 8 mm sections of tboprcoptic and hypothalamic nuclei stained with 
cresyl violet showed definite loss and otrophy of the cells in the hypothalamic nuclei par- 


Fio 1 I’noTosiicnooiuPiia or Vanioos Aoevs OKHxroiiiALAMus rnoa Case I Tooinirn 

WITH CoNTnoLs raoM CoimrsroNWNO Aiieab or a XonuAL Bhaix 
/I— prcoptic arci, X 60, normal brain B— supraoptic nucleus, X 50, Case I C— supr i- 
opllo nucleus, X 50, normal brain £>— supnoptio nucleus, X 60, Case I 17— paraven- 
tnciilar nucleus, X 15, normal brain F— paraventricular nucleus, X 45, Case I G— 
caudal division, supraoptic nucleus X,45 normal brain //—caudal division, supraoptic 
nucleus, X 15, Case I /—caudal division, supraoptic nucleus, X 13, normal brain J— 
caudal divi^oii supraoptic nucleus, X 13, Case I A — supraoptic nuclear cells, X 900 
uucP.aVf,.lS ^ D 1/-paraventncular 

y ^ y—piraventncuHr nuclear tclIflfX 900 from Fit, I 0 

uonnnl brain P— maTOjnillii> niicleua, X 45, Case I Note 
aitoph> nnii ccUain the vonoiu nuclei from Caao I cxhibiUnB Cuah nK'it ayudromo 


when comp ired with tho normal 
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ticularly the paraventricular nuclei The supraoptic nuclei wore only moderately depleted 
of cells. 

Case V Female, age 32 months, weight, 29 pounds, well until 13 months before admis- 
sion First a rapid gam in weight was noted, then hirsutism became apparent The 
clitoris enlarged and the voice became deep. Polydyp&ia, polyphagia, a plethoric appear- 
ance of the face, acne and cutis marmorata appeared 

Physical appearance typical of Cushing's syndrome with virilism Blood pressure, 
220/175, blood cholesterol, 225 mg per cent, serum chloiides, 657 mg per cent, blood po- 
tassium, 19 3 mg per cent, fasting blood sugar, 65 mg per cent, sugar tolerance normal, 
insulin tolerance slightly increased 

At operation a tumor of adrenal cortical origin was removed from the right side Ex- 
amination showed it to be of the adrenal cortical type 

Case VI Female, age 28 years, duration of illness, two years Signs and symptoms 
included the following full-moon face with hirsutism, acne and hemorrhagic slun lesions, 
mental depression, amenorrhea with loss of libido, polyuria, backache, apathy, obesity of 
the “buffalo” type, purple striae, blood pressure, 176/124, diabetes melhtus well developed 
only after two years of illness External and internal female organs normal X-ray stud- 
ies showed osteoporosis of skeleton Essential autopsy findings malignant adrenal corti- 
cal tumor Hypophysis showed extensive hyalinization of basophil cells Serially cut 
sections of the hypothalamus revealed normal supraoptic and paraventricular nuclei (fig. 2) 

On analysis of the pathological and clinical data, several facts appear of particular 
significance Hyalinization of the basophil cells is the one finding common to all autop- 
sied cases The heretofore undemonstrated pathological changes, an atrophy of hypo- 
thalamus nuclei, particularly of the paired paraventricular nucleus, was present in four 
cases in which an adrenal tumor was not demonstrated. In the one adrenal tumor case in 
which the hypothalamus was studied it was found to be normal This finding lends support 
to the concept that wlule there may be several primary causes leading to Cushing’s syn- 
drome they probably all act to produce hyalinization of the basophil cells of the hypophysis 
via the adrenal cortex Clinically, the cases with an adrenal tumor showed signs and 
symptoms similar to those with a hypothalamic lesion except for an exaggeration of signs of 
vinlism 

In our series no case was available in which the typical symptom complex was associated 
with a tumor of the thymus The report of Crooke (1935, loc cit ) that such a tumor in 
three persons with typical symptoms of Cushing’s syndrome has been found associated with 
hyalinization of the basophil cells of the hypophysis, is accepted as evidence that certain 
thymus tumors are to be regarded as primary lesions in the pathogenesis of Cushing’s syn- 
drome Enlargement of the adrenals has been a constant finding in such cases Thompson 
and Eisenhart (6) also refer to a case of Cushing’s syndrome in which at autopsy an arrheno- 
blastoma and hyalinization of the basophils were found The close chemical relationship 
between the hormones of the adrenal gland and those of the ovary would make such a find- 
ing not surprising 

The cause of the atrophy of the hypothalamic nuclei, particularly of the paired para- 
ventricular nucleus, is not known with certainty The atrophy of the ependymal lining 
cells of the third ventricle opposite the paraventricular nucleus found in all four of our cases 
suggests that some increased intraventricular pressure was present This is borne out by 
the autopsy records in which an internal hydrocephalus of mild degiee was noted in three of 
the four cases In a recently observed case not included in our senes, a typical clinical 
picture of Cushing’s syndrome along with other neurological disturbances specifically refer- 
able to pressure on the upper spinal cord developed in a 33-year-old female during two years 
of illness. Examination revealed that this patient had a complete block of her spinal canal 
at the level of the second cervical vertebra, on lumbar punctuie her spinal fluid pressure 
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cases that the atrophy of the hypothalamic nuclei is secondaiy to a chronic inteinal hydio- 
cephalus of low degree Because neive cells do not regenerate it follows also that in this 
case the depression of the paraventnculai nucleai cells was in whole or in part functional 

EXPERIMENTAL DATA 

Basophtl cell loss tn hypophysis following hypothalamic injuiy 

Changes m the hypophysis following a hypothalamic lesion involving the 
supiaoptic and paiaventiiculai nuclei -will be lepoited on in two adult female 
dogs, K-20 and C-8, and one adult male dog ^ 64 The lesion in each was made 
thiough the oial appioach with a specially designed instiument The stalk 
was cut (a pioceduie which in itself does not lead to hyalimzation of the baso- 
phils) and the hypothalamic tissue above and caudal to the stalk then cuietted 
out Injuiy, it any, to the pais distalis was minimal Any dog so opeiated 
on will heieaftei be lefeiied to as a “punctuie” dog The noimahty of the pais 
distalis was tested by lenal function deteimmations which levealed noimal 
diodiast and inulin cleaiances (White, Hembeckei and Rolf, 1943) (7) Aftei 
opeiation the dogs had well developed diabetes insipidus and showed a considei- 
able inciease in body weight dog K-20, 59 pei cent m 21 months, dog C-8, 52 pei 
cent in nine months , dog 64, 24 pei cent m seven months Dog K-20 was autop- 
sied 21 months, dog C-8, nine months, dog ^64 seven months aftei opeiation 
The lesults to be desciibed aie suppoited by autopsy raateiial fiom many othei 
dogs, some of the hypothalamic some simply and otheis totally 

hypophysectomized Micioscopic sections fiom the endociine glands of ten 
male and of ten female noimal dogs piovided contiol mateiial 

The lesions in the hypothalamus were checked in seiially cut 20 micion sections 
stamed with ciesyl violet (fig 2) In all thiee dogs theie was maiked destiuction 
of the supiaoptic and the paiaventiiculai nuclei The hypophyses of dogs 
K-20 and C-8 Aveie sectioned seiially at hve micions and the sections stained 
accoiding to the method of Rasmussen The hypophysis of dog ?^64 was sec- 
tioned seiially at 20 micions and similaily stained In both animals the eosino- 
phil cells weie noimal m stiuctuie and relatively mci eased in numbei The 
chiomophobe cells weie not abnoimal histologically Theic was a maiked 
diminution in the numbei of the basophil cells (hg 3) The few cells of tins 
type leraaining showed a complete loss of gianules vith a homogeneous, tiiibid 
appeaiance of the cytoplasm The appeaiance of these cells ditfeied fiom the 
hyalmized basophil cells of pei sons dying of basophilism in that such cells usually 
show the hyalin mateiial in diiect contact with some lemammg noimal giamilai 
cytoplasm The diffeience in the cytological pictiue of the basophil cells of the 
expeiimental annual and of pei sons with Cushing’s syndiome may depend on 
a diffeience m degiee of the hypothalamic inpuy oi it may be a species diffeience 
A study of the cells m the e\peiimcntal animal at ditfeient time mteivals follow- 
ing the hypothalamic injuiy is m piogiess 

The basis foi the basophil cell loss in the punctuie dogs has not been establisheu 
with ceitainty A fust suspicion natuially ivas that it ivas due to the stalk 
section By actual e\peiiment it was established that stalk section in itself 
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dues not cause basoplul ceU loss It uas not possible c\peiinicntall} to ONcludo 
the possibility that the total oi ncnlj toUlloss of piticssm foiiumg tissue might 
bo icsponsiblo Ilowcvti, it is known Ih it in women maiked di ibetes msipidus 
miy exist without obesity and without inteifcreiice witli o\ unn folliciil ir fime- 
tioii, IS pioteii bj then eapaciU to beu cliilclreii Ceikuii otliei mfeiencts 
maj' be di iwn from clinic d and expeiimental d it i It is known th it m e iscs 



1 10 ! I’noTOMii uorim ii X 6S0 mow \\ti unm I oio oi Umoihim-, oi K 20, Snow iso 
i o-tiNoi OILS ISO tjniOiioinoMi wirii Viai I mv IJisoMiii". Iti imimm 
llui e prisent line knl lliiir i,r itlltles 


of ( usiung’s sMuhoim dm to in adiiiiil tumoi hj dm dcguioi liion of tin 
hisoplnl cells oeeiii-s with rigiessiie ihinges m the th\ioid and goii ids smiilu 
to tha-i wliieli follow hj poph\ stetomj m dogs Dogs with Inpothidimie 
lesions lesulting in digiiteritioii of tin pined p iriMiUin id ir nueli us and with 
b isoptul cell lo s 111 sensiti/xid to CNogenotis eortieal hormone is deinonsti ited 
bj the digru of its inIhiiiKe on lenil eireuliitioii mil on ceit iiu nnid tubular 
fmietions (Ihmheeker, Kolf iiid IMiiti, lOid) (S) l’oss|bI\ theiclore, iii uii- 
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balanced oi exaggeiated influence fiom the adienal eoitex is lesponsible foi the 
basophil depiession in punctuie dogs 

Changes in endooine glands othei than the hypophysis in dogs with 

hypothalamic lesions 

Changes in the othei endociine glands of dogs Iv-20, C-8 and ^64 aie of 
paiticulai mteiest in the pioblem of detei mining the pathogenesis of Cushing’s 
syndiome Alteiations aie found in the thyioid, in the panel eas and in the 
gonads The adienal glands aie giossly and mici oscopically noimal 

The thyioid glands aie giossly noimal Mici oscopically the follicles contain- 
ing colloid aie seen mostly in the peiipheiy of the gland and they aie individually 
smallei than those of the usual noimal (fig 4) The colloid in these is inspissated 
and then has a stiong affinity foi basic dyes The cential legion of the gland 
is filled with many small follicles, man 3 '- without colloid, othei s with only a small 
amount Theie aie many clusteis of laige acmai cells, some of them vith a 
maiked affinity foi acidophilic dyes Often such cells weie within the acmi, 
but many appealed outside of them Fiom a study of the sections the mteipie- 
tation IS made that the stimulus foi noimal secietoiy function is deficient In 
spite of the cellulaiity of the gland it does not have the appeal ance of an ovei- 
active gland such as seen in humans ivith exophthalmos and hypeithyioidisra 
Similai changes aie found in the thjaoid glands of simply and totally hj^po- 
physectomized dogs (fig 4) Suppoitmg the impiession that the glands so 
alteied aie not active is the level of the blood cholesteiol which aveiages 200 
mg pel cent m all dogs with such h 5 '-pothalamic lesions 

Repiesentative sections stained wnth hematoxylin and eosin, wath Masson’s 
stain and with the Malloiy azan stain, fiom six legions of the panci eases of dogs 
K-20, C-8, i^64 and of a fouith punctuie dog still alive, K-18, m which the 
panel ea tic tissue wms obtained by biops}^ (fig 5) show some hypeitiophy and 
hypeiplasia of the islets in twm, (C-8 and K-18) and a maiked atiophy and 
diminution in the numbei of the islets in the othei tw o, (K-20 and 64) The'^e 
conclusions aie estimates aiiived at fiom a compaiison of the numbei and size 
of the islets in 20 noimal stock dogs In the panel eases with well developed 
islets the individual cells, paiticulaily the beta cells aie noimal in then cyto- 
logical chaiacteiistics In the panci eases wath small islets and a diminution 
m then numbei, many of the lemaming cells, including the beta cells, show 
a lessening of the cytoplasm lelative to the size of the nucleus The nuclei 
often aie vesiculai, the C 3 '’toplasm vacuolated In some cells inclusion bodies 
homogenous m appeal ance aie xisible The changes on the whole, howe^el, 
indicate a qiiantitatn e leduction in the numbei ol the islets and islet cells lathei 
than a qualitative alteiation 

A similai appaient inciease m the size and in the numbei ol the islets is seen 
also in sections fiom the panci eases of simply and totally hypophysectomized 
dogs (fig 5) It seems piobable, theiefoie, that an 3 ' change m the pancieatic 
islets which follows the loss of the h 3 ^pophysis is diiectly oi mdiiectly due to the 
loss of the basophil cells because the punctuie dogs showing changes simihu 
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to the hypophi 'cctomizctl dogs hue a loss of bisophil colls only It is quite 
possible that the changes in the islet cells lecoided aie an e\piession of i resP^*^ 
to clunges m othei organs associated with cai bolu cli ate metabolism \Miilo 
itniaj betlntthefiistLlungeisnu iiiablj ahvperplasia ind hj pei ti ophj to be 
followed litei bj in atiophc beciuse of oteiwoik oi because of i genet d boc J 
degeneration it is not felt that oui e\idente is adequite to tssoit this 
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smooth muscle layei Withm the coitex theie weie large islets of yellow pig- 
mented cells which aie not associated with coipoia lutea and which do not appeal 



Fig 5 Piioio-MirKoonvi’iis, 50 DiAMLnais 
A— paiicicas, noimil cIok pancrcis, K-20, dog of the punctuic type Mith almost 
complete loss of bisopluls of the hypophysis, islets small and few in numbei, dog obese nut 
some beginning ueight loss befoie snciihce Acinai tissue noimal C— pancieas, Iv-lo, ' 
maikedly obese punctuie dog still increasing in weight Islets somewhat hyperplastit 
2)_p,incieas fiom totally hypophysectomi/ed dog, tiuile obese, no weight loss, islets h>pei- 
plastic and quite nunieious 


in noimal ovaiies so iai studied They aie legaided as mteistitial cells It 
IS concluded that in the ovaiies folliculai giowth is mitiated noimally but that 
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some stimulus to cliffeientiation of the piimoidial follicles is lacking This 
stimulus noimally comes piesumably fiom the hj'^pophysial basophil ceils 



Fig 7 A — noim il dog testis shoiMng noimal spcim.itogoncsis B — testes, dog Gt, 
ing primaiy ind secondaiy speimatocytes but no speiinitids Note inteistiti d cells uc 
plentiful w hen compaicd w ith those in C, i testis of i completely hyiiophysectomi/cd dogm 
which theie also arc no speimiitids D — testis, Case 4, in which spcimatogenesis is 
suppiessed 

Sections horn the testes of clog j^fG4 (fig 7) show a clepiessioii of speimato- 
genesis Piimaiy speimatogonia aie piesent but theic is complete absence of 
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mitoses bccoiulaiy -peim itogoma and sperm itids ire not, found The Sertoli 
nut mtcmtitid ccUb arc piesent it least in normil numbeis 
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CORRELATION OP CLINIC VL AND EXPERLMENTAL DATJ>. 

Convpanhoii of hisiologtcal changes in endocnne glands of font cases of Cushings’ 
syndi ome showing hypolhalaniic lesions and those in dogs with 
similai expenmentally pi odiiced hypothalamic lesions 

The ab&ence of noinial follicuiai development and of noimal speimatogenesis 
found m the ovaiies and in the testes of the punctuie dogs nas found also in the 
human ovaiies and testes of patients nith Cushing’s syndiome (figs 6 and 7) 
The micioscopic findings in the human thyioids (fig 4) aie not entiiely identi- 
cal with those in the dog thyioids but in both the pictuie is inteipieted as indi- 
cating a depiession of activity In the human cases this is indicated by the low 
epithelium which lines the acini and by the density of the colloid contained theie- 
in, in the dogs by a failuie of noimal acinar foimation and by a depiession of 
colloid secietion 

The histological changes ui the human and the dog panel eases aie m many 
inspects quite similai In two of the foiu cases of Cushing’s syndiome hypei- 
tiophy and h 3 '-peiplasia of the islets weie in evidence, in the othei two the islets 
weie consideied noimal but in one of these the panel eas weighed only 40 giams 
In two of the foui dogs’ panel eases hypeitiophy and hypeiplasia of the islets 
was diagnosed, in the othei twm the islets w^eie small and few^ m numbei 
Micioseopically the adienal glands of the expeiimental animals appeal noimal 
In the cases of Cushing’s syndiome they w^eie noimal oi hypei plastic (fig 8) 
Obesity Obesity of the buffalo type in vaiying degiees is a constant hnding 
in pel sons exhibitmg Cushing’s syndiome Investigations m this laboiatoiy 
(Heinbeckei and White, 1942, loc cit ) to deteimine a basis foi expeiimental 
obesity m the dog have yielded the followung infoimation obesity m the dog 
lesults aftei complete oi paitial destiuction oi letiogiade degcneiation of the 
paiied paiaventiiculai hypothalamic nucleus, paiticiilaily of its caudal poition 
Maiked obesity lesults w^hen destiuction oi deneivation of the neuio h^’^pophysis 
and a complete oi paitial destiuction oi letiogiade degeneiation of the caudal 
poition of the paraventiiculai nucleus coexist Removal of the pais distalis 
in itself lesnlts invariably in 20 to 30 per cent moie in ci ease m wmght than occun 
m spontaneously fat dogs aftei two yeais of caging The piesence of the pais 
distalis m animals wath complete oi paitial destiuction oi degeneiation of the 
supiaoptic and paraventiiculai nuclei is favoiable to the development of maiked 
obesity The lesults suggest that a lack oi a maiked lessening of the secietion 
of the neuiohypophysis maj'" aid m fat stoiage in the piesence of a diminution 
in the numbei of cells of the caudal poition of the paiaventiiculai nuclei 
Fiom othei unpublished evidence obtained m this laboiatoiy expeiimeiita 
obesity m the dog is held to be the lesult of a combination of factois among which 
aie a depiession of thyioid and gonadal activity and an inci eased effectiveness 
of the adienal coitical hoimone which follows aftei a hypothalamic lesion of the 
caudal poitions of the paiaventiiculai nuclei This maj^ explain the gieatei 
obesity in dogs wnth such a lesion and in which the glandulai hypophysis is no 
lemoved, foi m such animals the adienal coitex does not atiophy as it does m le 
totally hypophysectomized animal 
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On tliL b ISIS of oui miin il expenments tlic hypoth il umc lesions fountl m oiir 
four uses would expluu the obesity m Cushing’s syndioine 

Obesity ilso is present in cases exhibiting Cushing’s syndionic in whioli it 
aiitopsj in adicnil or thjmiis tiimoi is found hxpornnental ind clinical 
tvidence exists tint the idienal gland plays a signifitant lole in fit and hpoid 
met ibolisin In cxperniienta on the rat, Hcwei (9) (1920) showed that the feed- 
ing of hpoid extract of the adrenal cortex of cattle may lead to m iiked obesity 
McKinley iiid Fisher (10) (192G) noted an niciease in weight of 10 per cent in 
1 its fed adicn il cortex foi eloien uceLs Also, it is known that in lijperintci- 
leiiilisin leading to piecocious pubcity in ehildicn thcie is associated obesitj , 
the fat deposits aecuinulating in the back ind tiuiik and w ith speci il )) ids o\ er 
the bri asts The bull neck and the full-niooii f ice aie conspicuous ind the red 
checks aic indicitivc of the childien’s plcthoi i In the 1 itei st igcs of the 
disc ise, the obesity in ly yield to emaciation 

Diicct nifoinution is to the condition of the lij pothalaniic nuclei in cises 
exhibiting the obesity of Cushing’s syndrome wlicie i tumor of the thymus was 
found IS not ixiilible llowcvei, tlieie is no ic isoii to suspect i hjpothal nine 
lesion in view of its ibsciiee in eises issoeiatcil with in idieinl eoitical tiimoi 
1 lie meeh iiiisiii of tin dc\ clopment of obesity is pi obably simil ir iii all c iscs of 
Cushiiig’s sj ndroiiie, i e , i coiiibin itioii of f letoiS) p ii ticiilai ly those ii ising from 
chuigos III tliyioid, goiiidil iiid idiciiil eoitical aetnitj 

ll'uk I balance Distmbanccs in the w itci bal nice is o\ ideneed by poU dipsia 
aiidpoljiuii iioieo fiotineiitlj exhibited bj persons with C iishing’s '3 ndioiiu 
Snell sjinptoiiib lie cxpl iiii ible on the basis of the pithologiuil fiiidiiigs iiid 
ix])eiuiuiit d Piidence In dogs diibctes insipidus follows the denen itioii oi 
destiiietion of the piticssiii foiimng tissue (Ifcmbecker and White, 1911) (U) 
file pitiissui foiniiiig tissiii, 1 e , the neunl diiision of the hvpophxsis is iiinei- 
\ntcd bj' fibcis fioiii cells in the siiprioptic and lostril division of the parii- 
vcntiieulii nuclei I' or tot d di ibetcs insipidus, le, a urine output of 15 to 
20 tunes the noini il, the cntiic iieuiotijpoph\sis must be eompletely deneiv itcd 
If 15 pel cent of the tissue icniaiiis with its neive siipplj iiit ict, diabetes insipidus 
doia not lesiilt 

In mu foul uisLs of ( ushing's svndimm in whieh hjpoth il iniu ksioiis weie 
encoiinliied, the dcgiii of cill loss m llu snpi loptie nuclei h unionized with the 
dcgiei of poUdipsii iiid poljiiiiu found clinieillj 

III the two cises in wliuli in kIiciiuI tiiinoi w is tin iirimiij cause of the 
sMidioiiu. piiiodii poljiirii of iiicMlcrite digiie w is eiieoiintercil \s 
St ited. 111 till om t.iso of tins, tjpe in which the hvpotli il imie nuelci were i x ini- 
incd, theie w is no evidence of lell loss iii the supnoptie or p iriventiiciil ir 
nuclei, ( onsentu nth , the action of the honnoiie from the idreiul tumor must 
iitliei be idiiiet one on the kidmv tilliiilib or indireet in wholi oi put through 
a III ulrilueilion of pitic'siii 

ll'jlxiliimim llii ixpiiiniint il work of Cioldblitt ind Ills issoei ili s (|')J 1 ) 
(1-) Ills hut support to thi loiiiept tint I'senlial hv pc rten'ion in man follows 
spistie 1)1 oeihisivi dee esc of the rinil iileriis While m hv jk ric iisivi s the 
ntiriil disc esc is gi m nlued, it is the rtiid involvement whieh prolnblj is 
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essential foi the activation of those mechanisms involved in elevating the blood 
piessuie and in inci easing the woik of the heaitnecessaiy to maintain a noimal 
blood flow 


In thiee of the foui cases in this senes in which the kidneys weie available foi 
study, theie was maiked occlusive disease of the lenal vessels In the foiiith 
case ( ^ 1) only slight thickening with a minimal degiee of medial neciosis vab 
1 ecognizable in the lai gei i enal vessels by oi dmai y histological methods ]\hci o - 
incineiation of these vessels (fig 9) showed a definite mciease m calcium and 
magnesium salts in the wall of the vessels Such a change is known to cluiac- 
teiize aiteiioscleiotic vessels and in the aoita has been shown to be associated 
ivith a diminution m extensibility This, togethei ivith the slight nan owing 
of the lumen due to a thickening of the walls, wmuld lead to a dmimiition in 
pulse piessuie within the Icidney with each heait systole and theieby to an in- 
cieased output of lenal vasopiessoi substance (Kohlstaedt and Page (13), 1940) 
It IS held then, that the degiee of lenal damage m all oiii foiii cases is adequate 
to explain the develojiment of hypei tension found clinically 

‘Punctuie’ dogs have not developed hypei tension m two yeais of obseivatioii 
Then mean blood piessuie aveiages 140 mm Hg, w'hich is highei than the aveiage 
foi hypophysectomized dogs, 105 mm Pig Such dogs do not m that time peiiod 
develop ai tei losclei osis 

Denunei ahzation of skeleton In a high peicentage of the cases exhibiting 
Cushing’s syndiome extensive demmei ahzation of the skeleton is found wdietliei 
due to an adienal oi thymus tumoi oi to a lesion of the hypothalamic nuclei 
Aftei two yeais of obseivation this has not been noted m dogs with compaiahle 
hypothalamic lesions In case IV of oiii senes m which the clinical obseivations 
extended ovei many yeais theie appealed to be a con elation between the time of 
development of the demmei ahzation of the skeleton and of the aiteiioscleiosis 
In oui dogs, as befoie noted, w’ell developed aiteiioscleiosis does not occiii It 
IS suspected that the existence of aiteiioscleiosis may be a sine qua non foi skele- 
ton demmei ahzation 


Diabetes melhtus Diabetes mellitus is legaided as a disoidei of nietabohsm 
secondaiy to a deficient supply of insulin oi to changes m othei oigans which 
depiess its effect While m some instances the pnmai}'^ seat of the deficiency 
IS undoubtedly the pancieas, it is lecognized that distuibances m the liiei and 
in othei endoci me glands may make manifest oi augment the insulin deficiency 
Obesity, aiteiioscleiosis and fatty infiltiation of the livei aie chaiacteiistically 
found m peisons ivith diabetes melhtus and with Cushing’s syndiome Vhile 
diabetes melhtus is piesent m many cases of Cushing’s syndiome, in two of oin 
senes theie is lecoided an inci eased toleiance ioi sugai , m one of these diabetes 
melhtus latei developed, concuiiently wuth the development of obvious aiteiio- 


scleiosis , 

Examination of the panel eases m tw’o of the cases of this senes in wfiicn 
betes melhtus wxas piesent aftoids no leady anatomical basis foi assuming an 
insulin deficiency Tiue, m case I, the pancieas weighed only 45 
the islets m the lemammg tissue weie desenbed as nonnal In case I 
w'as focal hypei plasia of the islets In neithei of the cases did the isletb &io" 



CUbHING^b S\NDROML 


livilropit, JegLneiiUon nov w vs tUeie conspicuous loss of gi mules m the beti 
cells It seems moie piobible that the insuhii secreted was in idequate foi the 
munteiunee of nomid caiboh3diite metabolism due to obcsitj oi to fattj 
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betes mellitus developed These dogs show a noimal oi deceased insulin 
sensitivity and a noimal oi incieased sugai toleiance The hvei glycogen con- 
tent aftei fasting is noimal oi above the aveiage noimal and they do not succumb 
to hypoglycemia vuth seveial days of fasting They dilfei fi om human beings 
among othei things m that they do not develop defimte aiterioscleiosis Ths 
may be significant in that diabetes melhtus in man so fiequently manifests 
itself attei, oi possibly coincidentally with, the development of aiteiioscleiosis 
Blood vessel changes Cutis maimoiata, so fiequently noted in cases of Cush- 
ing’s syndiome, mdicates a hypei dynamic lesponse of the blood vessels of the 
skm to cold In othei diseases wheie slun vessels exhibit such hypei -lesponsive- 
ness to cold, theie is an associated hypei-iesponsiveness to neivous and humoral 
vasoconstiictoi mfluences (Hembeckei and Bishop (14) 1935) While it is 
recognized that the abnoimal lesponse of skin vessels does not necessaiily indi- 
cate a similai abnormality m the visceial vessels theie is no a pi ton reason a- 
gainst it The probability of its occur lence m Cushmg’s syndiome is indicated 
bj'’ the fact that the deposit of neutial fat and cholesterol noted m the skin blood 
vessels also exists m the visceral blood vessels Of interest m this regard is the 
expel imental evidence of Sclimidtmann (1925) (15) that labbits fed large 
amounts of cholesterol to produce aiteiioscleiosis exhibit an exaggerated eleva- 
tion of blood piessuie on the admmistiation of exogenous epinephime The 
blood vessels of such anmials exhibit the same infiltration vith fat and cholesterol 
as do the blood vessels of persons exhibiting Cushing’s syndiome Apparently, 
the pathological process which ultimately leads to aiteiioscleiosis and to 
hypei tension mayseive as a basis for the hyperdynamic responsiveness of the 
blood vessels to vasoconstiictoi mfluences 

Geneiahzed aiteiioscleiosis has been found in all of oui cases of Cushing’s 
syndiome Sections of the slan, paiticulaily from areas not mvolved m acute 
inflammatoiy processes, when stained with osmic acid and Sudan III to identify 
neutral fats, and treated vuth the Schultz modification of the Liebeimann- 
Buichaid test for cholesteiol, show an infiltration of neutial fat and cholesteiol 
into the cells of the blood vessels The neutral fat and cholesterol are found 
in the endothelial lining cells of the smallei blood vessels and in large xanthoina- 
like cells which appeal in the inner and outei layer of the vessels Degeneiative 
and hyperplastic changes proceed simultaneously to iiioduce ultimately the pic- 
ture of aiteiioscleiosis The change legaided as pimiaiy is the infiltiatioii of 
neutral fat and cholesterol into the endothelial and xanthoma-like cells Pre- 
sumably, it IS brought about by the change in metabolism associated witli , 
Cushmg’s syndiome Particularly sigmficant is the depiession of thyroid func- 
tion exhibited, by such patients Kountz and Hempelmann (1 940) (1 6) i epoi ted 
that thiee of four patients with essential hypei tension totally thyioidectomizecl 
m the hope that then hypertension would be lelieved, died vithiii a year o 
luptuie of the aorta because of mechal necrosis 

Changes vi the slin Micioscopic studies of the skin fiom case I and \ re- 
vealed marked fatty infiltration and a maiked deposit of cholesteiol in the outei 
thud of the deinus The fat m as demonstrated by staming i\ ith osmic acid an 
Sudan III, the cholesterol by the Liebeimarm-Buichaid method The lat e 
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method appears to be sufficiently specific to warrant the statement that the 
lipoid deposited in the tissues of our cases is chiefly cholesterol There is a 
marked destruction of the collagen fibers m the dermis This permits stretching 
of the skm with tlunmng when fat is deposited m large amounts m the sub- 
cutaneous tissues The blood vessels of the skin show mtimal cell hj^ertrophy 
with marked infiltration of fat and the presence of much cholesterol m these 
cells (fig 9) The mtimal thickenmg leads to a nairowing of the lumen of the 
vessels In the areas of the skm m w hieh the v ascular lesions are w ell do\ eloped 
degenerative changes in the collagen fibers also appear The collagen fibers 
are mfiltrated with fat and cholesterol and ultimately may become completely 
broken up The extent to which these changes depend upon changes m blood 
supply IS not certain Deposits of fat and cholesterol also are seen early in the 
neunlemmal sheath cells Both m the endothelial Iming of the blood vessels 
and in the ncrv e sheatlis atypical foam cells are seen They are not as numerous, 
however, as m typical xanthomatous lesions of the skm 
Similar mfiltration ivith hpoid occurs m the skin, the blood vessels and the 
nerve sheatlis of dogs rendered obese by appropnate hypophysial and hypo- 
thalamic lesions 


DISCUSSION 

The evidence indicates that a loss of basophil cells m the hypophysis loads 
to regressive cluinges in the thj roid and the gonads w hile leaving intact the adre- 
nal cortex Clianges also may occur m the islets of the pancreas These may 
show hypertrophy and hyperplasia or atrophy with a diminution m their number 
Such flndmgs all lend strong support to the hypothesis of Crooke that hyahmza- 
tion of the basophil cells is a most significant lesion in the pathogenesis of Cush- 
ing’s syndrome because on the basis of our experimental evidence it should lead 
to those changes m the endoerme glands which especially aie found at autopsy 
111 persons exliibiting the syndrome The clianges arc such as to afford a basis 
for a satisfactory explanation of most of the complex of signs and symptoms 
which characterize the state Ihe basophil cell change is beheicd effected 
through an unbalanced mfluence from the adrenal cortex Ihis imbalance can 
be of two kinds, one is excess scciction from the adrenals, the other, normal 
secretion acting on an hypophysis sensitized to adren il cortical hormone 'Ihe 
first or excess secretion may bo due to hyperplasia or tumor formation m the 
adrenal gland, the second is illustrated m the case of Cushmg’s syaidrome with 
par iventricular nuclear atrophy and normal adrenal glands, or in the dog wath 
paraventncul ir nuclear dcstniction or denervation and normal adren d glands 
Differences in symptomatology , particularly those referable to the sex function 
and masculimzatioii, probibly are duo to differences m the efftctivtiUiS of or 
in tlic amount of aaailable androgens, brought about by the many iltentions 
in endocrine function and balance associated wath the syndrome 
The origin d concept of Cushing tint the syndrome follows from an oitr- 
actiMty of the hypophysis, particularly oieractivity of the tells m i basophil 
adenom-i, is no longer tenable It i-s common to liaxo bcsophil adenoma of the 
liyiiophysis without Cushing’s syndrome or hyalin ih generation ot the bisophil 
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cells. Recent studies of the function of the hypophysis also are m conflict with 
such an interpi station They indicate lathei that we aie deahng with a con- 
dition of undei activity of the gland The lowered basal metabohc rate, the 
high blood cholesteiol and the depiession of sex function are legulaily seen in 
the expeiimental animal aftei lemoval of the hypophysis It is lather to be 
suspected that the somewhat high statistical mcidence of basophil adenoma 
found in cases of Cushmg's syndiome is mdicative of an attempt to compensate 
for the depression of basophil cell function 

SUMRIARY 

Clmical and expeiimental studies pertaining to the pathogenesis of Cushmg’s 
syndiome aie reported 

At least thiee pi unary lesions, a tumor of the adrenal coitex, a tumoi of the 
thymus, or an atrophy of the nuclei of the hypothalamus, particulaily the 
paiaventiicular nuclei, are the piobable precursors of the hyalmization of the 
basophil cells of the hypophysis, such as have been desciibed by Ciooke and Ras- 
mussen 

It IS suggested that the hypothalamic atrophy may be secondaiy to a low 
degree of mtemal hydi ocephalus Such depression is at first functional and later 
structurally detectable 

In the one adienal tumoi case available foi study, the hypothalamus appeared 
normal 

Dogs ivith an experimental lesion of the hypothalamus involvmg areas similar 
to those found involved in four cases exhibiting Cushmg’s syndiome, show a 
maiked loss of basophil cells ivith degenerative changes m the lemammg basophil 
cells m the hypophysis 

In such animals changes occur m the thyroid, m the gonads and m the islets 
of the pancreas of a type which serves to explain many of the symptoms of Cush- 
ing’s syndiome 

Experimental evidence is ofteied to show that at least two of the piimaiy 
lesions leferied to above could be expected to cause a distuibance of lipid metab- 
olism characterized by an accumulation of fat and cholesterol m the adipose 
tissue of ceitain legions of the body In dogs with complete or partial bilateial 
destiuction of the caudal portions of the paiaventncular nuclei theie is just such 
an infiltration of fat and cholesterol mto tissues such as the slon, the muscles, 
the livei and the walls of the blood vessels as occuis m persons exhibitmg Cush- 
ing’s syndiome 

The disturbance in fat metabolism lesultmg m the accumulation of lipoid ana 
fat m the cells of the blood vessel walls leads to the development of arterio- 

scleiosis / \ iu j pf 

Disturbances m watei balance lesult fiom either of two causes, (1) the direcu 

or mdiiect effect of the secretion from the adrenal cortical cells oi adrenal coitica^ 
tumor cells, or (2) from a decrease m secretion of the neuiohypophysis lesuItmg 
fiom degeneration m the supiaoptical hypophysial system 

The factors concerned in the pathogenesis of the hypertension and or 
diabetes meliitus m these cases are discussed 
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THE AEROBIC NON-HEMOLYTIC STREPTOCOCCI 


A CritiCjUj Review op Their Characteristics ind Pathogenicita with 
Speclal Repererce to the Human Mouth and to Subacute 
Bacterial Endocarditis 
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Aerobic stieptococci ivhich either fail to change blood oi induce greenish dis- 
colontion of blood — the gamma and alpha aaiieties, respectively, as defined by 
Brown (1) — are mdigenous parasites of mucous membianes They are com- 
monly looked upon as the most chaiacteiistic members of the normal flora of the 
mouth and throat Leukoincz (2) found them to bo piedommant m the oral 
flora of nuisehngs, and Brailovsky-Lounkevitch (3) and others have reported 
that they are the orgamsms most constantly recoveied from the mouth both in 
o>irly and in adult life Buchbmdei , Solow ey and Solotorov sky (4) w ere able to 
recover greening streptococci from the air, particularly of enclosed places of 
human congregation, and believed that their concentiation m am was an index 
of the degree of contamination derived from the human nasopharynx Torroy 
and Lake (5) have proposed an an pollution test based on this view , and Dick 
and Hucker (0) have suggested that a presumptive test for oral contamination of 
dunking utensils might be based on the lecoveo of salivary streptococci from 
them 

Although they are noimal parasites, the non-hemolj tic streptococci liave also 
oecn implicated as disease agents in such common oral disorders as dental 
canes and penapical abscesses, and in many extra-oral diseases, including those 
that liave been ascribed to focal infection from the mouth or other mucous mem- 
nmnes It is one of the purposes of this review to leconsider the evidence foi 
‘•nch pathogenicity, not specifically for each disease entity, but in general with 
reference to the disease-producmg capacity of the orginisms The somewhat 
^Pcciahzed question of their role m dental canes will be discussed elsewhere, 

( ) while the major disease entity with which these organisms ue cleailj isso- 
ciatcd, subacute bactenal endocarditis, will be reviewed m detail As a basis 
consideration of their role in discise, the classification, charaetenstics and 
’^^relationships of the non-hemolj tic streptococci are discussed wath major 
emphasis on the streptococci of the mouth 

CLASSIFICATION 

The pnniary cnterion for the classification of streptococci is a whole is that of 
emo jtio capacity, os defined origin illy by Schottmuller (8) and amplified bj 
Hut ' (H) ind bj Brown (1) With certain evceptioiis tliose forms 

^1 iiitluce true (beta) hemolysis include the more letive patbogeiui of man and 
ms, while those that fail to induce this cliange comprise the saprophvtcs 
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and noimal parasites with which this review is concerned The finei classifica- 
tion ot the former group is accomplished effectively m modem practice by 
application of the serological methods of Lancefield (10) and Griffith (11), but 
subdivision of the non-hemolytic group, lacking comparable means, remains at 
present m an unsatisfactory state The extensive and painstaking studies of 
Sherman and his collaborators (12, 13) are of great value toward this end The 
nomenclature proposed by these workers is followed here, although it is ad- 
mittedly not mthout defects It may be noted, for example, that the specific 
teim Streptococcus vindans (8) ongmally used to designate a gieenmg form, has 
been abandoned, but that a “vindans” group is defined, although essentially 
TOthout reference to greening on blood as a differential character Siieptococcus 
sahvaiius, the commonest single variety m the viiidans group, has been chaiac- 
teiized in a recent paper by Sherman, Niven and Smiley (13) as being neaily 
uniformly anhemolytic or gamma Such usage seems ambiguous, even though 
these Avoikers have piesented cogent evidence to justify it, as noted below 

Sheiman (12) lecogmzes foui general divisions among the streptococci as a 
whole* 1) the pyogenic gioup, which includes most of the hemolytic and all the 
actively pathogenic streptococci, 2) the vindans group, comprising thechaiac- 
teristic parasites of the human mouth and thioat and other forms, 3) the Zacdc 
group, consisting of saprophytes found especially m milk, and 4) the enterococcus 
group, made up of stieptococci chiefly of fecal oiigin The major ciiteiiafoi 
this subdivision aie ability to grow (a) at 10°C and 45°C and (b) m the pres- 
ence of 6 5 per cent NaCl, oi 0 1 per cent methylene blue, oi at pH 9 6, (c) stiong 
reduction, and (d) ammonia production The pyogenic group is generally nega- 
tive in all these tests except production of NHs, members of the vindans group 
may grow at 45°C but not at 10°C and are negative in all other tests, the en- 
terococcus group IS usually positive in all tests, while the lactic group grows at 
10°C but not at 45°C and is found to have othei piopeities inteimediate 
between those of the vindans and the enterococcus groups All three groups 
other than the pyogenic group include both alpha and gamma stieptococci, the 
enterococcus group, in addition, includes ceitain beta-hemolytic varieties 

THE VIRIDANS STREPTOCOCCI 

The organisms included under this head aie essentially parasites on the mucous 
membianes of the mouth and uppei respiratory passages of man and animals, 
less commonly of the intestinal and gemto-urinaiy tracts In the former loca- 
tions they can be found normally in nearly all instances Wiight (14) has 
pointed out that then growth on sohd media resembles that of the pneumo- 
coccus, bemg less vigorous than either the fecal or the hemolytic stieptococci, 
but the vindans forms do not show the autolytic depression characteristic ot 
agmg pneumococcus colonies They prefer enriched media and aie often diffi- 
cult to maintain m subculture 

Streptococcus salivanus is the commonest vindans variety found in tfie n 
mouth and thioat Safford, Sherman and Hodge (15) studied 322 ° 

St7 saZiaanws from healthy thi oats and classified them into five groups. i I 
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I comprised 200 of the stiains and r\as homogeneous They gren m milL as 
shoit chains of rather large cocci On blood agai they produced greenmg often 
weuUy, some strains were anhemoljtic A feu stiams grew at temperatures as 
high as 45°C , but none giew at 10° oi at 47°C and none survived heating for 
30 inmutes at 60°C The> produced final pll lerels langing from 14 to 4 0, 
did not produce ammonia oi liquefy gelatin, and fermented dextiose, niiltose, 
lactose and sucrose but not gljcerol, starch or manmte Litmus milk was 
icidified and coagulated and later reduced , sodium luppurate w as not hj drolyztd 
Ihese group I strains gicw pooily and tended to die out, thej were more delicate 
than hemolytic sticptocoeci ind distinctly nioie so thin other non-hemolytic 
varieties The 32 stiains not included in group I weie heterogeneous, some 
piodiiced a high final pll (4 9 to 5 2) and iveicmoie actively green-producing 
(group II), othei's were wealdy hemolytic (gioup III), others pioduced am- 
monia (group IV), and one stiam failed to feiment lactose or to acidify milk 
(group V) 

Niven, Smdej and Sherman (10) have leported mother dilTeicntial cbaiac- 
teristic of Sir saltianus which may have value for rapid identification When 
giown on well buffered agar containing 5 per cent of either sucrose or rafiinose, 
they ippear is mucoid colonies as large as colonics of colon bacdli or yeasts, 
appiiently because of the production of considerable amounts of i poly^sac- 
chande Undei these conditions such large colonies wcio not pioduced bj' 
hemolytic sticptocoeci of any of the Lancefield groups, not by enterococci ot 
lactic streptococci, nor by other vaiietics of the virickans gioup except Sir hoiis, 
ivliich occasionally formed sinulai colonics The pioductiori of a poly saccharide 
and of large mucoid colonies had pieviously’ been repoitcd for unidentified 
streptococci by Otrskov (17) uid Oerekov and Poiilsen (18) Niven, Smiley 
ind Sherman (19) found the poly saccharide of S/r saltianus to be a soluble lev an, 
where is that produced by^ Sli boms is an insoluble doxtran 
In i latei piper, Sherman, Niven and Smiley (13) reemphasized the homo- 
geneity of Sir saltianus They found tliat inioiig 331 non hemolytic strep- 
tococci from human throats, 181 could be selected is Sir saltianus on the bisis 
of polyviecli iride production from sucrose Ihese 181 strains all grew at 15°C 
butnotat 10°C m both broth and milk, they all g iv e fiinl pll values m dextrose 
broth between 4 1 and 1 0, all fcimcntcd mulm, ralfinosc, sucrose, maltose and 
saliem, split eseiilm, hut failed to ferment nianmte, sorbitol, glyceiol, arabinoso 
or \y lose Sixteen of these strims failed to ferment lactose, and 1 1 w ere ncgativ c 
m tielulose Vll but 5 pei cent of the strains wcie indifterent (gamma) with 
respect to blood, md none were strongly ilplia Smiley, Niven ind Sherman 
(20) noted tint Sir saltianus, tluis defined, eould be grown on i '•ynthctie mo- 
diiim cent lining iiiorgaiiie --alts, glucose, sodium thiogly colate and 7 imino icids 
(glutamie acid, leiiemo, L-oleucuie, irgmine, lysine, melhiomno and tyrosine), 
with the iddition of ribotlmn, nicotinic atid, pantothenic acid, thumui, hiotm, 
and uraeil Vinoiig other streptococci tested, only two striins of Sir boi ts were 
able to grow on this medmm, ind one of these could grow without riholiavaii 
It IS noted tint these growth reqmremuils further distinguish Sir laliianui 
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from mitis stiams, which failed to giow in the synthetic medium, and also horn 
enteiocoeci, as noted below 

The piopiiety of designating as Sh salivanus an oiganism that neaily always 
fails to induce gieenmg of blood reqmies confirmation This oigamsm appeals 
to be a distmct and homogeneous entity, but its relationship to foims pre- 
viously designated by the same name lemams to be detei mined 

Streptococcus mills is ledesignated by Sheiman, Niven and Smiley (13) as the 
heteiogeneous viiidans stieptococcus of mouth and thioat, following the name 
given by Andiewes and Hoidei (21) foi a gioup oiigmally pooily defined The 
species IS defined by the later woikeis on negative grounds it fails to form poly- 
sacchaiide fiom suciose and does not feiment inulin Its othei characteiistics, 
aside fiom those that confoim with the viiidans gioup as a whole, aie vaiiable 
Of the 147 stiains studied, about 90 pei cent weie strongly alpha, few were com- 
pletely gamma Most stiams yielded highei terminal pH values than Sti 
salivanus and failed to, cm die milk It may be noted that all of the 331 thioat 
stiains obtained by these woikeis could be placed in eithei the sahvaiius oi the 
mitis categoiies 

Stieptococcus bovis appeals to be the piedommant form m the mouths and in- 
testines of cattle It IS also found in the human intestme Sherman ( 12) reported 
that 10 stiains of the stieptococcus isolated by Baigen (22, 23) from cases of 
ulcerative colitis in man agreed generally vuth his ciiteiia for this species 
Sir bovis is closely related to St) salivanus, but the foimei has a higher maxi- 
mum tempeiatuie of giowth, a distinctly highei thermal resistance, and usually 
hydiolyzes staich As noted above Si) bovis may produce mucoid colomes on 
buffered 5 per cent sucrose agai, but these are associated with a polysaichaiide 
distinct fiom that produced by Str salivanus 

Stieptococcus theimiophilus This distinctive stieptococcus grows actively 
at 50°C , although not at 53°C , does not grow below 20°C , and is the most 
heat resistant of the stieptococci, suivivmg tempeiatures as high as 65°C It 
has been isolated only fiom milk and milk products Sherman (12) mcludes it 
among the viridans streptococci because of its inability to giow at low tem- 
peratures 01 undei othei conditions mentioned above ■which permit the growth 
of lactic stieptococci and enterococci 

Streptococcus equinus is distmguished from the othei members of the group 
by its inability to feiment lactose, and by othei characteristics, such as abdity 
to grow in bile It is the piedominatmg stieptococcus in the mtestine of the 
hoise, and has also been isolated fiom bovine and from human feces Lactose 
negative non-hemolytic stieptococci isolated fiom the human mouth and throat, 
hoivevei, weie found to coiiespond in other chaiactenstics ivith Sir salivanus 
01 St) mitis (Sheiman, Niven and Smiley (13)) 

THE BACTIC STRETTOCOCCI 

The imlk streptococci, othei than Str thennophilus, are distinguished as a 
gioup by then ability to giow at 10°C but not at 45°C They aie geneia y 
inteimediate in resistance between the viiidans and the enteiococcus group , 



VEROBIC I<0}«-HEMOLTnC STREPTOCOCCI 


253 


but seem more closely related to the latter They aie usually mactive on blood, 
but may produce greeiung These are the common milk sourmg organisms 
The two species in the group, Slrcplococcus laclis and Streptococcus crcinorts, aie 
apparently true saprophytes, found only on plants and in milk They may be 
distuiguished by the mability of Str crenioris to form ainmoma from peptone, 
and by finer critena given by Sherman (12) 

Niven (23a) has repoitcd that Sir loctts icquires it least 14 amino acids for 
prompt growth All of 21 stains required pantothenic acid, nicotinic acid and 
biotin, and some strains failed to grow without thiamin and riboflavin St> 
cremons seemed to have similar growth lequu-ements 

THE ENTEROCOCCI 

These typically short chained oval streptococci aie particulailj characteristic 
of the low er intestine of mm and other warm-blooded aiiimals, but they may also 
be found on other mucous membranes Porch (24), foi evainple, found tli it of 
100 strains of streptococci isolated from the gcmto-iirinary tract, 73 were aii- 
heraolytic Sir fualts, 3 were Str hquefactens, 5 weie alpha Sir ficahs, and the 
remaining 10 were alpha streptococci of the viridans group Dible (25) noted 
that the enterococci are moie easily maintained in culture than other stiepto- 
cocei, are more active fermenters, and are generally more resistant As a gioup 
they are the most resistant of the streptococci /Utliougli they are typically' 
anhemolytic or gamma, mimy strains may show gieenmg, sometimes only on 
heated blood agir Two beta hemolytic species — Str zymorjenes wd Sir durans 
— are included in this group because of agreement m their other characteristics 
It IS noted below that these organisms as well as mcmbei'S of the vindans group 
may be the causative agents of subacute bacteri il endoe irditis 
IMost strains of both the hemolytic and non hemoly tic varieties of enterococci 
have been found to contam the group D carbohydrate of Laiicelield (20, 27, 28, 
29, 24) 

Woolley and Ilutcliiiigs (30) were able to grow Sit zymogems luMiriantly in 
a synthetic mediuin cont lining morgamc salts, glucose, and 6 aimno acids (iso- 
loucine, lycinc, tyrosmo, arginmo, tryptophane ind glutamic acid), with the 
addition of riboflavin, pantothenic acid and py ridovin Sulfur w as ilso required, 
either as morgamc sulphide, or as cystine or methionine, and ferrous iron was 
listed ns essential This medium also supported the grow th of group B hemoly - 
tic streptococci, but was not satisfietory foi other pyogenic species Sehuman 
and Farrell (31) evtended these finding to Str fccalts, which was found to re- 
quiio tryptoplune and the siroe vitamin B fiaetions Vdme, howevei, w is 
iwed sucecssfully in place of isolcucinc ind lyemc Ihe nutritive requireiueiiks 
of the enterococci thus differ from those of Str saltearius, which icquiKS a dif- 
ferent group of actes-sory substances (nicotinic acid, thiamin, biotm ind iirieil, 
not pyridovni) ind does not require tryptoplune' 

‘ Niicn ami Sfuraian (Sla) ha\o recently rcporlctl flifTcrcut fauhngs with 19 strains of 
enterococci iiiclujiiirf members of all 4 spucies \I1 19 reiiuirca biotin nicotinic acid, cal- 
cium iiinloihonstc and pindoiin 17 rcriuirtd nbolliviii ind 7 reciiiind folia acid, nono 
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Streptococcus fecahs The typical non-hemolytic enterococcus which fails to 
hquefy gelatin has been studied most completely by Sheiman, Mauer and 
Stalk (32), who leported an analysis of 434 strains The species is on the whole 
vei y homogeneous Sir fecahs occurs usually m pans, less often in shoi t chains, 
and resembles the pneumococcus morphologically but does not appear encap- 
sulated It grows at both 10°C and 45°C , and is generally resistant to high pH 
levels, high concentrations of sodium chlonde, and other conditions which pre- 
vent growth of streptococci of othei gioups Fmal pH values in dextrose broth 
were found to range from 4 4 to 4 0, like those of Str sahvanus Glucose, mal- 
tose, lactose and salicin weie fermented, but fermentation leactions were othei- 
VTse not chaiacteristic Some strains hydrolyzed sodium hippuiate This or- 
ganism grows readily on simple media, although it may prefer reduced oxygen 
tension on primary isolation 

The lesemblance of Sir fecahs to Str lochs m morphology, heat lesistance and 
other respects, which gave rise in the past to the view that they weie identical 
(33, 34, 35), IS now dismissed by Sherman (12) on the seemingly cogent ground, 
among others, that the lactic stieptococcus is a true saprophyte, whose rare 
occurrence under parasitic conditions seems attributable merely to survival, 
whereas the enterococcus is a true parasite of the intestmal tract The Lance- 
field D caibohydrate, moreover, has not been found in Sir lacks (29) 
Streptococcus hquefaciens differs from Str fecahs only in that the former lique- 
fies gelatin, being virtually identical in all other respects, includmg the finer cri- 
teria given by Sherman It is an intestinal parasite 

Streptococcus zymogenes is the typical beta-hemolytic enterococcus of the hu- 
man intestme Sherman mcludes both gelatm liquefymg and nonhquefymg 
strams withm the species Its hemolytic activity does not seem to confer on it 
any pathogemc power distmct from that of other enterococci 

Streptococcus durans is a beta-hemolytic species, extracts of which react 
weakly with group D sera (12), which differs fiom Str zymogenes in its lesser 
reducing activity, uniform mability to liquefy gelatm, and nariower range of 
fermentations It occurs m the human mtestme and is also widely distiibuted 
in Tvnlk and milk products It is not pathogemc for laboratory animals and has 
not been associated with human disease. 

SEROLOGY 

The separation of beta hemolytic streptococci and pneumococci into distinct 
categories (groups, types) by serological means has been of immense practica 
sigmficance Attempts to apply similar methods to the non-hemolytic strep- 
tococci, however, have not yielded comparable results Eaily workers found 
the mouth streptococci to be serologicaUy heterogeneous by several 
logical methods, mcludmg agglutination ( 36, 37), agglutmm absorption (38, 3^ , 

required thiamm Moreover, the ammo acid combinations used by the o 

were found insufficient for any of these strains, 17 grew m a medium containing “ 
acids, and for one strain of Str zymogenes valine, leucine, isoleucine, glutamic acid, arg 
and tryptophane were found essential 
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complement fivition (40, 41), and precipitation (42) Grumbach and Schnctz 
(13) lound tlut 156 strains of enterococci were heterogeneous by agglutmation 
and cited earber literature to similar cEfect lunsella and Swift (40) and Hitch- 
cock (44) demonstrated group reactions among hemolytic and non-hemolytic 
streptococci and among streptococci and pneumococci, and Lancefield (45) 
showed these cross reactions to be due to protem antigens At the same time 
Lancefield noted the presence in Sir vindans of highly specific antigens of prob- 
able carbohydrate nature Hitchcock (IG) was able to place about SO per cent 
of nonhemolytic, muhn fermenting streptococci (presumably Str sabianus) 
into a single tj pe by means of jirecipitm and agglutination reactions, the remain- 
ing strains bemg heterogeneous Endo (47) reported tliat streptococci isolated 
from saliva and from common pathological processes of the mouth could be classi- 
fied by agglutination absorption into four groups Ifiuchi (48) m a study of 7G 
strains isolated from 12 persons, e\tendcd the number of groups to 13 and later 
( 19), with 157 strains from 9 persons, to 23 

Ihe most complete serological classification of the greenmg streptococci thus 
far reported is that of Solow cy (50), who studied over 200 strains Of these 108 
had been isolated from the blood m subacute bactenal endocarditis, 99 were 
obtained from human throats and eatracted teeth, and 15 were derived from the 
aaginas of young infants and children All strains appear to have been alpha 
streptococci More tlian three quarters of them, other than those of vaginal 
origm, were Str saltvantis as determined by Sherman’s earlier criteria, but 
whether the others belonged in Sherman’s vindans group is uncertain * Onlj 
two strains out of the total number reacted with Lancefield group serums, these 
fell into groups G and K, respectively Of the remainder, OG per cent could bo 
classified into 41 serological groups, two of which (groups I and II) comprised 
about 50 per cent of the reactmg strains fiom each source The 15 vaginal 
strains w ere tested against only four of the group sera , one of these reacted w cakly 
with group I serum, while the others failed to react with any It is notew orthy 
that no consistent serological diiTerence could bo found between the strains iso- 
lited from pathological or from normal sources, and that no correkation was 
demonstrable between the biochemical and the serological groupings Iho 
fact that none of Solow ej ’s strains reacted with Lancefield group D sera may luv o 
depended upon her selection of alpha colonics, other workers, as noted below, 
liav 0 frcquentlj found enterococci in endocarditis blood Uhe possession of this 
specific carbohj drate, at all events, seems to miirk the enterococci off us a dis- 
tinct immunological group Lhennan, Hiveii and Smilej (13) have reported 
that S3 of IS-l striins classified as Sir saliianu) on the bisis of polj s.iccharide 
production from sucrose fell into a single type by precipitation, but details were 
not given, uul up to the prcsint time these findings have not been correlitcd 
with those of Solowcj Whether Shcrmin’s other specific distinctions c.in be 
validated by serologic il mcaiH thus remains to bo detennmed For the present 
tliLM, distinctions irc accoptablo as matters of coiiveiucnce, but the vindans 

‘Aa noted sbovo, lilt cnleria for Sir taliniriua wore more alurpl) di lined b> faherman, 
ivtn and binilc> (U) after bolovvt>’a data were publiaticd 
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group appears to be a broad and complex category, and its final classification has 
evidently not yet been achieved 


aiETABOLISM 

Relation to Oxygen The stieptococci (other than the anaerobic foims, ivith 
which this revieiv is not concerned) seem to giow equally well under aerobic and 
anaerobic conditions, although some vaiieties (e g Str fecahs), may be favored 
by anaerobic conditions on primary isolation Their metabolism is essentially 
of the anaeiobic type, ivith lactic acid the predonunant product of sugai break- 
down In general they show little oxygen uptake (51), are relatively insensitive 
to hydrogen peroxide (52) and do not contain iron-porphyiin enzymes such as 
cytochromes oi catalase (52, 53) although cyamde-sensitive systems of unknown 
nature may be present (54) They require nboflavm foi gioivth, contain flavo- 
piotein enzymes (55) and generally produce hydrogen pei oxide (52) Certain 
species 01 strains aie exceptional in one or moie of these piopeities, for example, 
strains of hemolytic streptococci of group A, type 3 do not form peroxide (56, 57) 
Otherwise these chaiacteiistics are compatible mth Dixon’s (58) Type 4 respira- 
tory chain, in which fiavopioteins are figuied as mediating between the substrate- 
coenzyme-piotein system on the one hand and moleculai oxygen on the other, 
and in wluch, in the presence of oxygen, hydrogen peroxide is formed (see also 
Baumann and Stare (59)) This would be a type of metabolic habit intermediate 
between that of such true aerobic bacteiia as Escherichia coli, which contain iion- 
poiphyiin enzyme systems, and that of the true anaeiobes, which aie incapable 
of aeiobic growth for reasons that remain obscure Close relatives of the stiep- 
tococci with regard to these properties are the pneumococci and the lactobacilh (7) 
It may be noted that the so-called lactic acid bacteria, used m the commeicial 
production of lactic acid, include members of both the streptococcus and the 
lactobacilius groups 

Lactic Acid Production Friedemann (60) found that Str vindans, groinng m 
buffered broth ivith 0 9 per cent dextiose, formed chiefly lactic acid, with small 
amounts of foiimc and acetic acids and ethyl alcohol, these products together 
accountmgfor 80 to 95 per cent of the sugar carbon Smith and Sherman (61) have 
reported a detailed study of lactic acid pioduction in 0 1 pei cent dextiose bioth 
by a ivide range of stieptococci The results ob tamed were similar under aeiobic 
and anaeiobic conditions The average yields of lactic acid ranged fiom 81 8 
per cent foi group F pyogenic streptococci to 96 6 per cent for Sti lactis The 
hemol 3 dic gioup m general gave lower yields than the other groups, and the wi- 
dans, lactic and enterococcus groups differed only slightly among themselves 
These findmgs are in geneial accoid mth the final pH values in dextiose bioth 
given by the different kmds of streptococci 

The nature of the green pigment produced by streptococci from blood is obscure 
It was formerly believed to be methemoglobm, a bioivnish oxidation product of 
hemoglobm, Andeison and Hart (62), however, showed that pneumococci 
formed an olive green precipitate when gioivn m bioth with laked blood, an 
formed the same pigment when eithei crystalhne hemoglobm or methemoglo m 
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\\as substituted for the blood The pigment was thought to be m iron contain- 
ing derivative of hemoglobin, but ivas evidently not metliemoglobm A green 
pigment spectroscopically similar to that produced m pneumococcus cultures 
could also be obtamed with Str vmdans, Str fecahs and wth hemolytic strepto- 
cocci, as well as with such unrelated bacteria as Slayhylococcus aureus and Es- 
cherichia coh simil ir pigment was also formed, moreover, without bactena, 
by addition of v reducing sj stem such as ascorbic acid or cysteine glucose, 
aerobically in the presence of alkalmc potassium phosphate It was con- 
cluded that greening depends on an oxidation reduction brought about by a bac- 
terial dehydrogenase The absence of gi cening in blood agar cultures of hemoly- 
tic streptococci was attributed to ddution or destruction of hemoglobin in the 
neighborhood of colonies resulting from hemolysis 
There is much evadence, on the other hand, that grccnmg is associated with 
production of hydrogen peroxide by the bacteiial cells Brown (t) had assumed 
that vmdans streptococci form two substances m seciucnce, a hcmolysm (hemo- 
toxm) and a substance responsible for greening, the lattci bemg elaborated first 
ind mtcrfering with the action of the hemotoxm, wluch, acting preferentially at 
low temperatures, was thought to be responsible for the peripheral hemolysis 
tliat may appear after refngeration hIcLeod, Gordon and Pi rah (03) and 
others had found that peroxide formmg bacteria > lelded greening in heated blood 
agar, in which the catalase contained m the led cells had been inactivated 
Hagan (6 1) believed th it the gi cening effect produced by typical viridans strepto- 
cocci was duo to peroxide and acid, the fonnei yielding discoloration but protect- 
ing the cells against acid hemolysis Peiipheral hemolysis after refrigeration 
was considered to bo due to diffusing acid, acting only after peroxide production 
had diminished oi ceased A similar view has been advanced more recently by 
Fuller andhlaxted (05), who reported that hemolytic streptococci produced hemo- 
toxin one to three hours before peroxide appeared, whereas greening variants of 
hemolytic streptococci, which yielded only one quarter to one sixtli as much 
hemotoxm, formed both substances at the same time Peroxide was found to 
inhibit hemotoxm formation, apparentli by mducing retardation of growth 
Fuller and hi ixted found that viridans streptococci produced so much peroxide 
tliat, when grown m mexed culture with a hemolytic stiain, no hcniotoxin could 
bo demonstrated According to these workers greening is produced only by 
peroxide formers, and only with good aeration, thus accounting for the reiippeai- 
aiico of hemolysis with alpha v iriants of hcmol>tic streptococci when grown in 
poured blood agar cultures They suggest that peroxide is destroyed only w hen 
catalase is first liberated from the red cells by action of the hcniotoxin 1 hey 
found tlmt added catalase prevents greening, and argued that “in cultures of 
grcx.li V iriants the ippcaninco of peroxide before hemolysis has taken pi ice 
results in the formation of green or brown pigments upon which the very weak 
hemolysin e.innot act " 

i here IS reason to bcliov o that grcemiig is not i uniform phenomenon Pneu- 
mococci. for uvimple, sonietmies produce i deeper-hued grcui thin doviritkins 
streptococci, and Mellon ind Cooper (00) hive desenbed the prixluction of a 
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gi ass-green zone by a vaiiant of a hemolytic streptococcus Davis and Rogers 
(67) have recorded the production m blood agai cultures by saprophytic lactic 
acid bacteria of an uncolored zone of “bleachmg” in which the ceUs are decolor- 
ized ivith httle or no evidence of hemolysis Possibly such variations may have 
influenced the d^erent results given above In any event, the question of the 
nature and ongin of the gieen pigment must for the present be considered un- 
settled 


irrrERRELATIONSHIPS AMONG THE STREPTOCOCCI 

Specific distinctions among the streptococci, like biological distmctions 
generally, are matters of convenience, and usually imply landmarlrs along a 
continuous range of variation rather than well sepaiated categories. The 
occurrence of intermediate forms, and evidence of vanation suggesting the pos- 
sible transformation of species, contmue to harass the taxonomist, and it is be- 
commg mcreasmgly clear that such phenomena are m the nature of things and 
cannot be ignored. The similarity of Sir lochs and Stv fecahs, for example, 
has already been considered Sherman discounts it on apparently valid grounds, 
but the possibihty seems of mterest that one form is oi has been derived from 
the other by adaptation to a saprophytic existence in milk, or to a parasitic 
existence m the intestmal tract 

Several workers have suggested a somewhat similai relationship between the 
greening and the hemolytic streptococci Rosenow (68) claimed to be able to 
mduce the transformation of alpha to beta streptococci at mil Other workeis 
(69, 1) considered such a change extremely rare Greening variants of beta- 
streptococci, however, are well recogmzed Valentine and Krumweide (70) found 
such vanants in 1 out of 21 strains of beta streptococci. These valiants bred 
true and contmued to resemble the beta vanants m fermentation reactions and 
serologically, but they were reduced m virulence for mice Gnnnell (71) reported 
that 2 of 4 beta streptococci from scarlet fever showed alpha colomes which bred . 
true Of SIX pure line strains of alpha streptococci developed by smgle cell 
isolations from these strams, only one was virulent for mice with a very large 
inoculum (2 cc ), whereas the beta strains were uniformly virulent in doses of 
0 1 cc No reversion was noted The alpha variants were beheved to resemble 
Str. vindans m all respects Citovicz (72) stated that alpha variants could be 
pioduced from scarlet fever strams of hemolytic stieptococci by mcubation for 
24 hours at 37°C with scarlatinal antiseium, followed by chilhng without freez- 
ing at — 17°C. m capillary tubes The greenmg foims appeared on subculture 
to blood media Fuller and Maxted (65) confirmed the occurrence of the beta- 
alpha transformation, noted that group specificity was retained, and found that 
beta hemolytic activity returned upon cultivation m deep agar or under anaerobic 
conditions Working with such greening variants. Fuller and Maxted (65) as 
noted previously, obtained data which suggested that the transformation can be 
interpreted merely as a diminution of hemotoxic capacity, which when normally 
developed masks the greenmg mechanism The requirement of full aeration 
for greenmg is thus advanced to explam the leappearance of hemolysis undei 
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reduced oxygen tension Lancefield (73) notes that non-heraolytic strains with 
apparently identical soiological characters have been common in group B 
Completely non-hemolytic members of group V are rare, but Todd (7 1) has ob- 
^cr\ ed the transformation of hemolytic group A strains into greening variants by 
passage through mice , and Fry (75) has described ilpha \ ariants « Inch a ere of the 
same serological type as hemolytic strains isolated from the same patient Like 
the greening van ints studied by Fuller and Maxted, Fry’s strains weie hemolytic 
when grown anaerobically 

It IS of course uncertain whether these findings are ipphcable to greenmg 
streptococci as a whole, or only to gicening vanants of hemolytic streptococci 
They suggest a possible mechanism however, whereby one group might become 
transformed into the other 

Another possible interrelationship m this group is that between the greening 
stieptococci and the pneumococci This transformation was also claimed by 
Roscnow (OS) among others and is hkewise doubted by Wright (14) It is known 

that rough pneumococci may become bile insoluble or bile resistant Goran- 
dcr (70) reported the transformation of stieptococci isolated from subacute bacte- 
rial endocarditis into encapsulated cocci, soluble in bile salts, ind with greatly 
increased mouse pathogenicity These stiains did not agglutinate with pneumo- 
coccal type antiserums On prolonged cultivation, such a “transformed" 
organism became avirulciit and bile insoluble, but cross agglutinated with a 
similarly retrograde typo II pneumococcus Paul, Dcdnck and Knimweide (77) 
also produced rough vanants of pneumococci which were bile insoluble and 
seemed indistinguishable from certain strains of Str vtrulans 
Ihe foregoing data are suggestive but need not bo taken too seriously as a 
basis of broad implications The feeahs lactis transformation has not actually 
been observed Tlie beta-alpha clmnge seems to occur, although not often, ind 
the ilpha variants may not be tnie Str viridant, It is possible that greening 
streptococci and pneumococci may i evert to a common fomi imder exceptional 
circumstances 

The possible interrelationship between iion-hemolytic streptococci and lacto- 
bacilh IS discussed elsewhere (7) 

rvTiiocLNicrri 

Evidence is presented below which leaves no doubt that both the viridaiis 
and the enterococeiis groups of streptococci ire c.ipable of producuig disease 
in man utukr suitable conditions feiiitable conditions are clearly csscnti il It 
IS plain that mere inocul ition of such streptococci, by iny route and ui any num- 
ber, IS rirdy if ever sufiicicnt to establish infection Some of the conditions that 
make iiifcttion wath these bacteria possible liav o been attnbuted to the strep- 
tococci them'-elvcs, but on doubtful grounds, for the most pirt they are known 
to bo dependent upon the pliy sical state of the host 
Pure cultures of both v iridans streptococci and enterococci are usually entirely 
non-p ithogemo for laboratory anira.ils (78, 14) Mice are generally im iffcctcd 
bv subcut uicous or mtPvpentonc.il inoculation even of large do«es, with oici- 



260 


THEODOR ROSEBERY 


sional exceptions whose significance is unceitain. This lack of pathogenicity 
may be compared with the maiked sensitivity of the mouse to the related hemolj'- 
tic streptococcus, and its extraoidmary sensitivity to the pneumococcus Gumea 
pigs aie also lefractory to gieenmg stieptococci 

Subcutaneous moculation of rabbits is usually without effect, but mtravenous 
mjection of laige doses m these animals, and also m dogs, as noted below, may be 
followed by non-suppurative lesions of the jomts, by fatal endocarditis, or occa- 
sionally by other lesions Generally such a result requires either repeated mocu- 
lation 01 pielimmary traumatization, or other unusual procedures Moon and 
Stewart (79), for example, were able to produce a nonpurulent arthritis in all of 
four 10-week old pups, and in 3 of 4 rabbits, by inoculation of viridans strepto- 
cocci fleshly isolated from the blood of a patient with subacute endocarditis 
The moculation was made both mtravenously and by simultaneous miplantation 
of an infected cotton plug m the peritoneal cavity Streptococci were recovered 
from the jomt fluid, but not from the blood, peritoneal fluid, urine or other 
locations Cultures mamtamed for five weeks on artificial media were said to 
become avu ulent Cecil, Angevine, and Rothbai d (80) have i eported simdai find- 
ings Gross et al (81) produced vegetative endocarditis and a more oi less lasting 
bacteremia m 28 per cent of rats by repeated mtiacaidiac injection of viridans 
streptococci These workers reported that the animals responded mth a tran- 
sient leucocytic and piedommantly monocytic reaction, such as would chaiac- 
terize the response of an immune or partially immune host to a pathogen of rela- 
tively low virulence 

Rosenow, whom 1910 (82) confirmed the report of Horder (83) that greenmg 
streptococci can produce endocaiditis m rabbits, has been identified with the 
view that the pathogenicity of these organisms depends upon chaiactenstics 
of the parasite rather than of the host Rosen on’s concept, which has been 
developed m several of his papeis (84, 85, 86) has two aspects of interest in this 
connection (a) that the gieenmg streptococci rapidly lose virulence on artificial 
cultivation, and (b) that their virulence is manifested not only by the develop- 
ment of lesions, but by a tendency, moie oi less characteristic of the strain, to 
localize m certain particular tissues or organs after intiavenous moculation 
The first consideration led this workei to use primary cultuies, which were ap- 
parently often mixed and madequately identified as to content, for animal mocu- 
lations The second, the principle of “elective localization”, gave use to a long 
series of reports by Rosenow and otheis which indicated that cultures deiived 
from the “focus” (e g teeth oi tonsds) in patients vnth such diseases as chronic 
arthritis, gastiic oi duodenal ulcei, or appendicitis, had a gieatei tendency when 
moculated mtravenously mto rabbits to localize respectively m the joints, the 
stomach or duodenum, oi the appendix, than elsewheie The use of mixed cul- 
tures obviously makes it impossible to deteimme the part played m these phe- 
nomena by any one constituent of the mixture For example, Rosenow (87) 
states that: 

"all the cultures of streptococci manifesting a preference for anaerobic conditions in the 
primary culture ultunately became aerobic when, with few exceptions, they resembled 
Streptococcus viridans " 



VBHOBIC NON-HBMOL’rriC STREPTOCOCCI 


201 


It IS thus not always certain that the organisms described as “streptococci” or 
“diplococci” actuall> belonged to the group here under consideiation The 
concept of elective localization has not been widely accepted Some of the 
diseases mcluded byRosenow as of streptococcal ongm,such as poliomyelitis (88), 
herpes zoster (85), and encephalitis (89), arenow Imown to be due to viruses, and 
none of the others has as yet been shown uneqmvocally to be caused by strep- 
tococci 

Eiadonce obtained in more recent yeais strongly suggests that the patho- 
genicity of these streptococci depends not on aggiessii e factors of \ irulcnce in the 
paiasite but on changes in the host which may bo grouped under the general 
head of lowered resistance Schottraullcr (90) and Lehmaim (91) found that 
non-hemoly tic streptococci ai e destroyed or grow i ery slow ly m human defibrin- 
ated blood, w hereas hemolytic streptococci grow in it readily Stiles and Chap- 
man (92) have nevertheless suggested tliat ability of greemng streptococci to 
resist the bactericidal action of fresh whole guinea pig blood mav be used as in 
m vtlro test of "probably pathogenicity ” Friedman, ICatz and Howell (93) 
found that vindans streptococci grow in normal serum, and arc not inhibited by 
the presence of specific antibodies, smce they grow in seium fiom uiimunized 
dogs and m that from human subjects wath endocarditis (which tonUins specific 
antibodies) They arc not inhibited by red cells and grow luvunantly m fibrin, 
but they are inlubited by white cells and do not grow in whole blood m agitation 
These findings point to a fundamental difference in nrulcnce factors between the 
greening and the hemolytic streptococci Strains of the latter group which are 
pathogenic for man elaborate substances such as hemotovin, ery throgenic toxin, 
leucocidm, and hyaluronidase or spreading factor, and the bacterial cells contain 
a protein antigen (M substance) which is picscnt in virulent but absent from 
av irulent orgamsms Such substances have not been associated with the gieen- 
ing streptococci,’ and if these b-’Otena aie subject to the lliictuations in viiulenee 
or in tissue localizing cipacity as Rosenow suggests, the basis of such variation 
remains entirely unknown On the other hand, data given below show tint tlie 
pathogenicity of the grceiiiiig stieptococci for both experimental animals and 
man has been definitely issociated with changes in the resistance of the host 
It seems signifi(;.int in this connection that the streptococci which have been in- 
cnmmnted in subacute b ictenal endocarditis ev idently do not belong to any one 
especi illy pithogenic variety but include members of both vindans ind entcro- 
coeeus gi oups T his disease, inoreov cr — the oiily^ one for w hieh fully convincing 
evidence imiilieates the iioii-hemoly tie streptococci — his been produced in ex- 
penmental unim ils with pine cultures which, accoiding to Rosenow, would hav e 
been eomjiletely lacking in v inilencc 

Fiiully, by a cunous paradox, the role of non heniolytie streptococci in sub- 
leute b ictenal endocarditis, as detailed below , cs not such us to suggest th it these 
bictcriv are active jiathogeius, oi that they ire necessarily involved in other 
disc use processes flie part played by the c lus-itiv e agent m ems to lx, u p ussiv e 

• rbo cli iratlcrialica ot tho alpha chanso m blooj susKcst the presence of a weak himo- 
tovin, liut no direct oiidLiice for tho cMatcnco ot this or other vindans (or cnU'rococcua) 
toxins 18 known 
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one, dependent upon pie-existmg caidiac defects in the host, while the oiganism 
seems caUed upon only to be able to pioMeiate in fibim, which also protects it 
against phagocytosis by the white cells of the blood In the secondaiy embolic 
phenomena to which the seventy and fatalitj’" of this disease appear to be due, 
moieovei, a similar mechamsm seems to opeiate, and theie is no evidence that 
the causative streptococci themselves have any capacity for mvasion or destruc- 
tion of host tissues 

These consideiations are not mtended to close the dooi on the possibility that 
non-hemolytic streptococci participate m human infections other than subacute 
bactenal endocarditis, but they suggest that the burden of proof foi such patho- 
genicity must lest with those who msist upon it It may be noted that Hadley 
and Wetzel (94) have reported that a lough variant of an alpha streptococcus 
isolated from the blood of a patient vuth a “rapidly developing” subacute bac- 
terial endocarditis could be mcreased in mouse virulence by repeated passage. 
The freshly isolated smooth culture killed mice in 17 to 40 houis aftei intrapeii- 
toneal moculation of 0 0025 to 0 005 cc The rough variant had an m 1 d of 
about 0 7 cc at first, but after passage became smooth and eventually (after 38 
passages) attamed an m 1 d of 0 0000001 cc Unfortunately the original strain 
was not identified beyond the statement that it produced famt gieenmg at first 
and subsequently showed atypical hemolysis, and that in morphology it le- 
sembled the enterococcus The mitial virulence of the smooth form suggests 
that the organism was not a typical member of either viridans oi enterococcus 
groups If this observation can be duplicated mth true non-hemolytic strep- 
tococci it will leopen the problem of the viralence of these organisms to study by 
a fresh approach 

Dental Infections A long hst of workers have lepoited the isolation of gieen- 
ing streptococci, sometimes of anhemolytic stieptococci, from all the common 
infections of the mouth, mcludmg dental canes, pulpitis, peiiaprcal infections, 
and gmgival and penodontal infections Hefei ences to this hteiature aie given 
by Appleton (95) Whether these bacteiia play any role m the production of 
such lesions nevertheless lemams obscuie Although many lepoits mdicate 
that gieenmg streptococci weie recovered from such souices m puie culture, 
this finding may reflect only the exclusive use of an aerobic cultural method hke 
the streaked blood agar plate Many other microoigamsms, which fail to giow 
under such conditions, are probably mvariably present in all these lesions The 
pathogemc capacity of some of these othei miciooiganisms is by no means in- 
significant Appleton’s view (95) that only the stieptococci among tins complex- 
flora are “pyogenic” is not supported by the evidence which clearly Imks the non- 
hemolytic streptococci only with non-suppuiative processes, noi by other evi- 
dence that the so-called fusospirochetal flora, foi example, (which apparently 
need not include aerobic stieptococci) is capable of pioducmg suppuiation (96) 
The available data are inadequate to decide this question, but then tendency 
may be said to suggest that the gieenmg stieptococci are not more than second- 
ary invaders in complex mixed infections if indeed they contribute to such infec- 
tions at all 
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‘ Iho mere association of greening streptococci, then, Mith periodontal, peri- 
apical, or othei dental and oial lesions cannot be accepted as adequate evidence 
of 1 causative relationslup Convincing evidence of causation requires expen- 
mcntal reproduction of such lesions m animals, by the use of pure cultures under 
suitable conditions of control, m accordance with Koch’s postulates Failure 
to induce such evpennicntal disease is of course not conclusive, but success would 
provide the only fully satisfactory means of resolvmg the question 

Peculiar difficulties attend the accomplishment of this objective in relation to 
(hse ISOS of the mouth The mucous membranes are mvariably contaminated to 
begin with, generally with the very bacteria under test, and no satisfactory way 
of obtaining durabl> sterile fields for such tests is known, short of the use of bac- 
teriologically sterile annuals (Reymers (97)) There are m consequence no rele- 
vant dahi relating to gmgival and periodontal lesions As for infections of tile 
normally sterile pulp and periapical tissues, additional difficulties arise The 
tooth pulp, because it is completely encased by unyielding calcified dentm, and 
perhaps for other reasons, has extremely limited capacity for repair and recon- 
stitution ifter injury, even m the absence of infection An injured pulp, indeed, 
oven though sealed with aseptic precautions, is likely to become infected spon- 
taneously, and m such infection viridans streptococci and other indigenous 
microorganisms of the mouth arc hkely to be present Without adequate unin- 
fected controls, tlicrcfore, even the production of pulpitis or penapical abscesses 
with pure cultures of streptococci, and the subsequent recoveiy of the organism 
from the lesion, is madequate evidence of a causative relationship An example 
of a carefullj controlled experiment will make this pomt cluir Genvort, Millci 
and Burn (98) removed pulps aseptically from the teeth of monkeys, scaled 
the c vvitics, and six days 1 iter reopened them and mtroduced a suspension of 
Sir virulans The cavities were then closed with amalgam, in some mstances 
with a “thin plate of non-bactericidal metal alloy inserted between the amalgiin 
and the pulp cliamber " Abscesses developed m several mstances after a mini- 
mum of 17 days, ind Sir viridam was recovered from some of these, but others, 
simil irly treated, yielded homolytio streptococci and colon bacilli In a senes 
of contiol teeth prepared in the same way but inoculated only with sterile salt 
solution, a few abscesses also developed, and Sir vindatus was also recovered 
from these ihese results suggest an anachoretic effect (99, 100, 101, 102) an 
injured or inflamed area tends to attract and fix microorganisms and otlicr mate- 
luls, presumably from the circulating blood It is clear tliat tlio findings iiorrait 
no conclusion with regard to the ability of non-hcmolylio strejitococci to induce 
dent il lesions 

Influence of Daclcrtal Ulerg'j AiiKthanism dternative to that which ojier- 
itcs in sub icute bacten il endoc irditis, and which siiggasts an addition d role of 
grei iimg streptococci in human disc isc, is that of scnsitiz-itioii Like other 
foreign antigeiiie in iteri il, bacten d siibsUincc is capable of eliciting an mitibody 
ruqioii-o, vvliicli iin> be demonstrated m animals under suitable conditions by 
illergie minifcsUtioiis fircemiig streptococci arc not cxeciilioiia to tins rule 
It I-. importint to note tli it such illergic plicnomcn v have no nece'ssarj relation- 
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one, dependent upon pie-existmg caidiac defects m the host, while the organism 
seems called upon only to be able to proliferate m fibim, which also protects it 
agamst phagocytosis by the white cells of the blood In the secondary embolic 
phenomena to which the seventy and fatality of this disease appear to be due, 
moreover, a similar mechanism seems to operate, and there is no evidence that 
the causative streptococci themselves have any capacity for mvasion or destruc- 
tion of host tissues 

These considerations are not mtended to close the door on the possibihty that 
non-hemolytic streptococci participate in human infections other than subacute 
bacterial endocarditis, but they suggest that the burden of proof for such patho- 
genicity must rest with those who insist upon it It may be noted that Hadley 
and Wetzel (94) have lepoited that a rough variant of an alpha streptococcus 
isolated from the blood of a patient ivith a “rapidly developing” subacute bac- 
terial endocarditis could be increased in mouse virulence by repeated passage. 
The freshly isolated smooth culture killed mice in 17 to 40 hours after intiapeii- 
toneal moculation of 0 0025 to 0 005 cc The rough variant had an m 1 d of 
about 0 7 cc at first, but after passage became smooth and eventually (after 38 
passages) attained an m 1 d of 0 0000001 cc Unfortunately the oiigmal strain 
was not identified beyond the statement that it produced famt greening at first 
and subsequently showed atypical hemolysis, and that m morphology it re- 
sembled the enterococcus The initial virulence of the smooth foim suggests 
that the organism was not a typical member of either viiidans oi enterococcus 
groups If this observation can be duplicated vuth tme non-hemolytic strep- 
tococci it ivill reopen the problem of the vinilence of these organisms to study by 
a fresh approach 

Dental Infections A long hst of workers have reported the isolation of gieen- 
ing streptococci, sometimes of anhemolytic streptococci, from all the common 
infections of the mouth, mchidmg dental canes, pulpitis, penapical infections, 
and gmgival and periodontal infections References to this literature are given 
by Appleton (95) Whether these bacteua play any role m the pioduction of 
such lesions nevertheless remains obscure Although many reports mdicate 
that gieemng stieptococci weie lecoveied fiom such sources m puie culture, 
this finding may reflect only the exclusive use of an aerobic cultural method like 
the streaked blood agai plate Many other microoigamsms, which fail to grow 
under such conditions, are probably mvanably present in all these lesions The 
pathogenic capacity of some of these other microoigamsms is by no means in- 
sigmficant Appleton’s view (95) that only the sti eptococci among this complex- 
flora are “pyogenic” is not supported by the evidence which clearly links the non- 
hemolytic streptococci only ivith non-suppuiative piocesses, noi by other en- 
dence that the so-called fusospiiochetal floia, for example, (which apparently 
need not mclude aerobic streptococci) is capable of producmg suppuration (96) 
The available data are inadequate to decide this question, but then tendency 
may be said to suggest that the greenmg stieptococci are not more than second- 
ary invaders m complex mixed infections if indeed they contribute to such infec- 
tions at all 
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ship With aggressive factors of virulence on the part of the bacterial agent. 
Killed cultuies are often as effective as living ones in evolong these reactions, and 
quantitative or other differences between hvmg and dead cultures may depend 
only on alteration or destruction of bacterial antigens induced by the killing 
process Aspects of this subject have been reviewed by Seegal and Seegal (103) 

Andrewes, Derick and Swift (104) reported that the intradermal mjection of 
greening streptococci into rabbits was followed in some instances after about a 
week, ivithout other treatment, and after the slight inflammatoiy response to 
the injection had subsided, by the appearance of a spontaneous “secondary 
reaction” at the site of the injection The reaction was obtained by the use of 
both living and heat-killed greening streptococci, and also with certain other 
membeis of the streptococcus group and with pneumococci, but not with typical 
human hemolytic streptococci, Neissena caiarrhahs, oi Eschencha coh The 
development of the reaction coincided with the appearance of general hypei- 
sensitmty, demonstrable by ophthalnuc reactions following corneal inoculation, 
by mcreased reactivity of the skin, and occasionally by lethal reactions following 
intravenous moculation (105) McLeod and Finney (106) weie able to produce 
nephritis in rabbits by following the Ime of these studies They sensitized 33 
rabbits by repeated intradermal moculation of living vindans streptococci at 
weekly intervals, and then mjected large doses of the homologous organism 
directly into the renal aiteiy The use of livmg cultures for these renal injec- 
tions often resulted m death, heat-lulled suspensions were therefore used in 
most mstances, and it is noted that the results obtained with completely killed 
suspensions were similar to those that followed the use of suspensions in which 
some organisms had survived the heat treatment Acute exudative and pro- 
liferative glomeiulitis was produced in the ludney on the injection side m 15 of 
33 sensitized rabbits and in 4 of 20 unsensitized animals No relation could be 
demonstrated between the occurrence of lenal lesions and the presence of general 
hypei sensitivity as shown by skin or eye tests The possible role m these phe- 
nomena of greenmg streptococci indigenous to the animal does not seem to have 
been considered 

An allergic reaction analogous to the Koch phenomenon in tuberculosis, 
characterized by an inflammatory response which limits the spread of mfection 
following inoculation in a sensitized animal, has been reported for both viiulent 
and avirulent hemolytic streptococci by Angevine (107, 108) An opposite 
effect due to non-bacterial sensitization has been desciibed by Weisbergei (109, 
110), who found that simultaneous intravenous injection of hoise serum apd 
viiidans streptococci resulted in longer persistence of streptococci in the blood in 
labbits previously sensitized to hoise seium than in normal labbits Weisbeiger 
also observed that organisms could be disseminated fiom a previously established 
focus at the tooth root by administration of a shockmg dose of serum, and that 
localization of bacteria at the root ends could be accomplished by mjectmg the 
bacteria intravenously, while the shocking dose of seiura was admmistered 
through the root canal 

Sensitization may have been a factor in the pioduction, as noted below, oi 
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ship ivith aggressive factors of viiulence on the part of the bacterial agent 
Killed cultures are often as effective as living ones in evoldng these leactions, and 
quantitative oi other differences between living and dead cultuies may depend 
only on alteiation oi destiuction of bacterial antigens mduced by the killing 
process Aspects of this subject have been reviewed by Seegal and Seegal (X03) 

Andiewes, Deiick and Swift (104) reported that the intradermal injection of 
greening stieptococci into rabbits was followed in some instances after about a 
week, ivithout other treatment, and after the slight inflammatory response to 
the injection had subsided, by the appearance of a spontaneous ‘'secondary 
reaction” at the site of the mjection The reaction was obtained by the use of 
both living and heat-killed greening streptococci, and also with certain other 
members of the stieptococcus group and with pneumococci, but not with typical 
human hemolytic stieptococci, Netsseria catarrhahs, or Eschenchza coli The 
development of the reaction coincided with the appearance of general hyper- 
sensitivity, demonstrable by ophthalmic leactions following corneal inoculation, 
by increased reactivity of the skin, and occasionally by lethal reactions followmg 
intravenous moculation (105) McLeod and Finney (106) were able to produce 
nephritis m rabbits by folloiving the Ime of these studies They sensitized 33 
rabbits by repeated intradermal moculation of living vindans streptococci at 
weekly intervals, and then injected large doses of the homologous organism 
diiectly into the renal artery The use of livmg cultures for these renal mjec- 
tions often resulted in death, heat-killed suspensions were therefore used in 
most instances, and it is noted that the results obtamed \vith completely killed 
suspensions were smular to those that followed the use of suspensions m which 
some orgamsms had survived the heat treatment Acute exudative and pro- 
liferative glomeiuhtis was produced in the kidney on the injection side m 15 of 
33 sensitized labbits and m 4 of 20 unsensitized animals No relation could be 
demonstrated between the occurrence of lenal lesions and the presence of general 
hypersensitivity as shown by skin oi eye tests The possible role m these phe- 
nomena of gieenmg streptococci indigenous to the animal does not seem to have 
been consideied 

An allergic reaction analogous to the Koch phenomenon m tuberculosis, 
characterized by an mflammatory response which limits the spread of infection 
following inoculation in a sensitized ammal, has been reported for both virulent 
and avirulent hemolytic streptococci by Angevine (107, 108) An opposite 
effect due to non-bacterial sensitization has been described by Weisberger (109, 
110), who found that simultaneous intravenous injection of hoise serum and 
vindans streptococci resulted in longer persistence of streptococci m the blood m 
labbits previously sensitized to horse seium than in normal rabbits Weisbergei 
also observed that organisms could be disseminated from a previously established 
focus at the tooth root by administration of a shocking dose of serum, and that 
localization of bacteria at the root ends could be accomplished by mjectmg the 
bacteria mtiavenously, wlule the shockmg dose of seium was admmistered 

through the lOot canal ^ 

Sensitization may have been a factor in the production, as noted below, or 
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^ute endocarditis and other lesions m animals by repeated mtravenous mocula- 
tion of greenmg streptococci (111, 112, SI) Indeed, in new of the ubiquitj of 
these bactena, the possible role of aUergy m the production of lesions tollowmg 
e/en a single inoculation cannot be altogether dismissed Hothbard and Ange- 
vine (113) ha\ e reported the de\ elopment m rabbits of chrome lesions of the ej e 
(choroiditis) rnth either nndans or hemolytic streptococci after repeated in- 
travenous moculation Witli greenmg streptococci these results could not be 
obtamed bj a single mjection or by repeated mjection of killed bactena or of 
bactenal extracts 

The relationship of these findings to disease m man remams to be clarified 
Hon ell and Comgan (lU) and Nve and Seegal (115) have reported that normal 
persons frequently show skm reactions when tested mth filtrates of greening or 
non-hemolytic streptococci In v levv of the uniform presence of these bactena 
on the mucous membranes, and of the data on transient bacteremias presented 
in the following section, such findmgs are not surpnsmg The implication that 
such sensitization in man may give nse to disease deserves to be kept open, but 
requires substantiation by additional research 

SUBACUTE BVCTERLAL (“VIn^DA^S”) ENDOCARDITIS 

The role of the greenmg and other non-hemolytic streptococci m the etiology 
of subacute bactenal endocarditis, and of the mouth m its pathogenesis, has been 
well substantiated by an impressive group of investigations by many workers 
In aggregate, these reports constitute a remarkably complete story of the causa- 
tion of disease whose practical imphcations are only slowly achiev mg recognition 
It seems worth presentation here m detail 
Harbitz (116) seems to hav e been the first to distmguish the less acute variety 
of endocarditis Schottmuller (8) isolated Sir viruians from the blood in this 
disease durmg life, and later (117) called it “endocarditis lenta” Border (S3) 
was able to obtain streptococci of low v inilence from the blood of many cases 
deacnbed either as “subacute” or ‘ chronic” infectiv e endocarditis, both of which 
appear to correspond vntli the disease here under consideration The term “sub- 
acute bacterial endocarditis” was applied by Libman and Celler in 1910 (118) 
The elwlocfical agent The gonococcus. Hemophilus influenzae md occasionally 
other microorgamsms are found m subacute endocarditis in a small percentage of 
cases, but the great majonty of cases yield greening or non-hemolytic strep- 
tococci Tlie organisms found arc U'-ually of the salivary^ type (11), but Str 
fecahi IS frequently implicated and it now seems clear tliat the disease may be 
caused by a wide variety of alpha and gimma streptococci Horder (83), 
employing the classification of Indrewes and Horder (21), isolated 9 strains of 
Sit salt anuSj 6 strains of Str anginosus and 8 strains of Sir fecahs from endo- 
carditis Aibrnan (119) found tliat most of the streptococci isolated from the 
dese.ise produced greening on blood but that some were anhemolytic ind some 
were slightly hemolytic Ivnedler (111) reported tlut 13 strains of alpha 
streptoeocci from endocarditis could not be classified iramunologic.illy or by 
emicnt ition ruictions Irmuune antibodies for the homologous striin were 
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found m the blood of all patients tested Among 20 strains isolated from endo- 
carditis blood by Moran (120), 12 were Str sahvanus accordmg to Sherman’s 
eailier criteiia, 3 weie Sh fecahs, 2 weie Str zymogenes, and 3 were peculiar, 
givmg an alkalme leaction in imlk and producmg rods after cultivation Gun- 
ther (121) also repoited marked dififeiences m the biological characteristics of 
greening stieptococci isolated from this disease Solowey (50), m the paper 
referred to above, studied 108 stiains of vindans streptococci from subacute en- 
docarditis and found them heterogeneous both immunologically and biochem- 
ically It seems particularly notewoithy that these 108 strains could not be dis- 
tinguished as a group, even by the lefined methods used by this worker, from 99 
other stiains that had been isolated fiom human throats and from extracted 
teeth There seems, in othei words, to be no distinctive “pathogenic” variety 
01 type of streptococcus responsible for this disease, it appears rather to be due 
to any of the varied types found on the mucous membranes 
Predisposition Pre-existmg caidiac disease is an especially important ante- 
cedent condition of subacute bactenal endocarditis According to White (122), 
old rheumatic valvular defects aie present m about 80 per cent of mstances and 
congemtal defects in about 5 per cent, while m the remainder, the disease may 
develop on a previously undamaged heait Christian (123) found that rheuma- 
tic heart disease was present in 89 per cent of 150 consecutive adult cases of viri- 
dans endocarditis at Peter Bent Brigham Hospital The “deterimnative back- 
ground” of subacute bacterial endocarditis, accordmg to Christian, includes 
rheumatic heart disease m the absence of auricular fibrillation and of pnoi cardiac 
decompensation, in youths oi young adults Keefer (124) considers the most 
vulnerable persons to be those with a history of rheumatic fever m childhood 
who have achieved good health and who have not had repeated rheumatic 
attacks, and states that aortic legurgitation, with oi without mitral valvular 
disease, is a more important antecedent than mitral stenosis Von Glahn and 
Pappenheimei (125), hoivevei, have presented evidence that the disease de- 
velops on active, unhealed rheumatic lesions — although these may have existed 
m subclimcal form foi many years — ^lather than on old, scaiied valves The 
commonest predisposing congemtal defects — which are on the whole much less 
common antecedents than rheumatic defects — are congenitally bicuspid aoitic 
valves, and patent ductus arteriosus Accordmg to Keefer, subacute bacterial 
endocarditis is exceedingly uncommon without a previous history of cardiac 
muimur Hedley (126) reported an extensive statistical analysis of 4653 cases 
of rheumatic heait disease, rheumatic fever, Sydenham’s chorea, and subacute 
bactenal endocaiditis involving 5921 admissions to Philadelphia hospitals during 
the five year period 1930 to 1934 Subacute bactenal endocarditis was the 
principal cause of 5 8 per cent of these admissions, and 64 5 per cent of the cases 
of this disease were regarded as superimposed on rheumatic heart disease It 
was noted that the peak ol deaths from subacute bacterial endocarditis occuried 
dm mg the thud decade of life and that the aveiage age at death was seveial 
years younger for cases on a basis of iheumatic heart disease than for those ivith- 
out such basis Gelfman and Levine (127) in a study of 34,023 autopsies at 
foul Boston hospitals, found 453 wnth sigmficant cardiac defects, of which 181 
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i\ere more than 2 years old Of the latter, 30 (16 5 per cent), mainly in the 
second and third decades of life, had endence of bacterial endocarditis 

Aniiml experiments The Pathogenesis of Subacute Bacterial Endocarditis 
The principal evidence which makes it clear that non-hemolytic streptococci aie 
the causatue agents of subacute bacterial endocarditis is embodied m studies 
on the eaperunental leproduction of the disease m animals m winch the postu- 
lates of Koch have been adequately fulOlled Holder (S3) notes that in 1906- 
1907 he reported the production of “a condition of infective endocarditis m the 
rabbit by the intravenous injection of saprophytic streptococci from human 
saliva and feces ” Rosenow (82) and Detweilei and Robinson (128) confirmed 
these findings It is of interest that the latter workers weie able to produce 
endocarditis m rabbits watli strains of greening stieptococci obtained either from 
the blood of endocarditis patients or from the normal mouth MacNeal, Spence 
and Wasseen (112) also icported that recognizable mflamraatory lesions of the 
endocardium w ere produced in 27 of 57 rabbits bv repeated mtravenous mjections 
of large amounts of pure cultures of greenmg streptococci The lesions were 
said to resemble those of actively progressive (acute) endocarditis m man 
These findings luvo been confirmed by Loewe, Rosenblatt and Ledeiei (112a) 
Kriedler (111) produced lesions of the heart valves m rabbits witli 5 strains of 
greenmg streptococci by repeated intravenous injection over a four month 
period, and also by repeated intracardiac inoculation with delibeiate traumatiza- 
tion 

Results more comparable to subacute bactenal endocarditis in man were ob- 
tained by Kinsella and Sherburne (129), who injured the aortic valve in dogs by 
msertmg an mstrument into the left carotid artery After the dogs had re- 
covered, intravenous inoculations of greening streptococci resulted m the de- 
velopment of vegetations on tlic injured valve Kinsella and Muethei reported 
their experiments in detail m 1938 (130) 1 he aoi tic or mitral valv e m dogs vv as 
traumatized by means of a long wire bent mto a sharpened hook and passed 
down the carotid artery xkt least 30 days later a 21 hour blood broth culture 
of non-hemolytic stieptococci, havmg little or no virulence for white mice, was 
injeicted ntravenouslj Successful implantation occurred in several instances, 
bacterial vegetations developed on the heart valves and a persistent bacteremia 
ippeircd, with the blood culture count increasmg progressively In these in- 
istaiies of successful implantation, death always resulted within 35 dajs The 
ndiscse in these dogs was considered pathologically similar to subacute bactenal 
ccocoarditis in man Similar results m dogs were also obtained with strepto- 
cidcc m the presence of specific immune serum, and after immunization with 
dead streptococci These results, which indicate that antibodies to streptococci 
do not jirevent the development of a fatal endocarditis, are in accord with the 
finding of circulating antibodies during the course of the disease in min (111, 
121) Kinscll 1 and Muethcr were also able to mfcct 6 of 11 ojierated dogs bj 
feeding 10 cc of i 2 1 hour broth culture of streptococci, and 1 of G by iiioculation 
through a stomach tube Dogs which did not become infected bj these routes 
could 1 iter bo infected by uitrav cnous inoculation 

Fncdm in, ICatz, and Howell (93) reported that although the grow th of grcaii- 
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mg streptococci is mhibited by leucocytes, the organism grows luxuriantly on 
fibrm, an impoitant component of the vegetations m subacute bacterial endo- 
caiditis Fiiedman (131) found that a fibrin mass in vitro is impeimeable to 
colloidal particles and permits diffusion of small molecules only slowly and in 
inverse relation to the thickness of the fibim mass The relative impermeabihty 
of such a fibrin mass was found to be augmented m the presence of seium It 
IS noted that “an mfected fibim mass suspended m serum is the actual patho- 
logical picture encountered m subacute bacterial endocarditis ” In expeii- 
ments on dogs, Friedman, Katz and Howell (93) attempted to establish a parallel 
ivith the picture of viridans endocarditis m man A small perforated bakehte 
capsule, open at one end and filled xvith a blood agar culture of gieenmg stiepto- 
cocci, was used to delay access of leucocytes to the bacteria The capsule, held 
at the closed end by a thread, was mserted m the abdommal aorta and fastened 
to the aortic wall so that the capsule floated free In 2 of 7 mstances the cap- 
sule became covered with fibrm The oigamsms survived only in these amTnn ls 
and m one other Under these circumstances infection developed on the heart 
valves Persistence of the oigamsms m the capsule and on the valve was be- 
lieved to depend on the fibrm mass, which provides an excellent medium for their 
growth and prevents the access of leucocytes 
Subacute bacterial endocarditis thus seems to result from the implantation of 
greenmg oi non-hemolytic streptococci on an abnormal or mjured heart valve 
Grant, Wood and Jones (132) found that platelet thrombi tend to collect on the 
heart valves of animals as a result of injury, and that isolated thrombi are 
frequently found at autopsy on the heart valves in man Such thrombi nearly 
always occurred m areas known to be subject to infective endocarditis, and were 
beheved to serve as peculiaily favorable areas for bacterial locahzation The 
immediate pathogenesis of subacute bacterial endocarditis thus seems clear 
The causative agents, found on the mucous membranes, ordmarily have little 
or no capacity to produce disease They have no distmctive capacity fortissue 
invasion, and lack other properties usually associated with virulence They are 
nevertheless enabled to produce fatal disease by a mechanism in which their own 
role seems to be essentially passive they become embedded in a mass of fibrin 
on a damaged or otheiwise abnormal valve, the fibrin serving both as pabulum 
for their contmued growth and as piotection agamst the normal clearmg mech- 
amsm of the blood, which would otherwise destroy them The fiiable strepto- 
coccal vegetations themselves, which contmue to proliferate and from ivhich 
fragments become detached as a result of the action of the heart, piovide the 
source of emboli which m turn, by setthng in and blocking the circulation of the 
slan, the spleen, the ladney, the bram and other organs, mduce the progressive 
deterioration and eventual fatal outcome characteristic of the disease 
The smulaiity of the causative agent to streptococci found on mucous mem- 
bianes suggests an endogenous mfection from such areas as the mouth or mtes- 
tine This would lequue that the oigamsms gam access to the blood stieam in 
ordei to reach the heai t valves A considerable body of evidence indicates that 
such bacteremias occur and may serve as the excitmg cause of subacute bacteiial 

endocarditis 
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Transient hacleramias Many scattered reports ha% e indicated that gieenmg 
streptococci and other bactena derived from the gastro-mtestmal, upper respira- 
tory or genito-uimary mucous membranes may be mtroduced into the blood 
durmg surgery or other manipulations Roiner, for eMimple, m 1913 (134) 
descnbed the occurrence of a bacteremia following uterine curettage, and Brown 
(135) noted a similar phenomenon after appendectomy Siefert (136) reported 
that many different surgical operations were often followed by the transitory 
appearance of raicroorgamsms m the blood stream, and that the propoition of 
positive blood cultures was lugher after operations that involved considerable 
traumatization As early as 1920, Richards (137) obseived that manipulations 
of arlhntic joints may he followed by a bacteremia Lehmann (138) confirmed 
the observations of Bomcr (134) on bacteremia following uterme curettage, and 
Scott (139) and Barnngton and Wright (140) noted a sumlar sequel of opera- 
tions on the urmary tract In 1932, Richards (133) e\tended his earlier observ a- 
tions and reported that manual massage of several diffcient infected areas was 
followed in many instances by the immediate appearance of bactena in the cii- 

TABLC 1 


Rccoiery of microorganisms from the blood after manual massage 
of infected areas (After Richards (1S3)) 


AtCA UASSACCD 

M USES or CASES 

1 NUUBES or rOSITIVB DLOOO CULTUKES 

Alter massage 

1 hour later 

Joints 

260 

23 

1 

Tonsils 

so 

13 


Gums 

17 

3 

0 

Prostates 

6 

1 

1 

Boils 

13 

5 

0 


culatmg blood, and that tlie blood culture was occasionally still positive one 
hour later Richaids’ results are summanzed in table 1 Cultures from the 
“foci” yielded unidentified streptococci from tonsils and prostates, and from 18 
of the 200 joints, all the boils yielded Staphylococcus aureus 'Ihe mouths se- 
lected for study showed “delmite mflammation” either m the gums or radio- 
graphically at the apices of the teeth No details arc gi\ en in the report of the 
bacterial species found m the blood cultures 
In 1930, Rushton (141) recorded that among 10 cases of subacute bacterial 
endocarditis at Guy ’s Hospital during 1922-1927, gross dental sepsis had been 
present in 17, ind in less marked form m 7 others, 1 additional patients had gi\ en 
a history of dental extractions some time before the pi oh ible onset of endocardi- 
tis Rushton seems to have been the first to offer the concrete suggestion th it 
there may bo an important connection between “septic foci” in the mouth and 
the development of endocarditis in patients with previous cardiac lesions Ho 
noted tliat the nmnbcr of cases on record m w Inch a dental cause c in be assumed 
with coufidenco appe irs to bo sm ill,” but perhaps only because dental conditions 
and history w ere frequently not mentioned m the case reports He also pointed 
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out that the delayed and insidious onset of subacute bacterial endocarditis may 
mask its possibly common connection inth the teeth In the followmg yeai 
Abiahamson (142) reported 3 cases of subacute bacteual endocarditis, 2 of 
which developed aftei the extinction of teeth and the other aftei tonsillectomj'-, 
all with a previous histoiy of caidiac disease 
All these repoits, howevei, seem to have attracted little attention, and it was 
only m 1935, when the report of Okell and Elhott (143) appealed, that the 
general question of the excitmg causes of subacute bacteual endocarditis began 
to receive serious consideration The report of Okell and Elliott dealt iwth the 
pievalence of transient strep tococcemia followmg tooth extraction, and it is of 
passmg interest that, at this time, the authors discounted the importance of 
then findmgs in relation to subacute bacterial endocaiditis In a subsequent 
lepoit, however, Elhott (144) changed his mind on this question 

In the original study (143), 138 subjects weie divided mto thiee groups in 
accordance with the severity of gmgival disease and the number of teeth ex- 
tracted, and cultures weie made of blood diaivn before operation, five mmutes 
after operatron, and a tmteivals thereafter Group I had severe gmgival lesions 
and multiple extractions, group III had healthy gums and smgle extractions, 
and gioup II was mtermediate Blood cultures made befoie operation yielded 
12 positive results, 9 m groups I and II and 3 m group III Five mmutes after 
operation, positive blood cultures were obtamed from 75 per cent of group I 
(40 cases), from 70 per cent of group II (60 cases) and from 34 per cent of group 
III (38 cases) In the last group the concentration of bacteria per cc of blood 
was sard to be lower than m the otheis Blood cultures taken horn 10 minutes 
to 8 houis after operation were negative Greenmg streptococci were the or- 
gamsms most frequently formd in the positive cultures 

While the very high values reported by OkeU and Elliott have not been dupli- 
cated m later studies, the essential truth of them findmgs was qmckly confirmed 
Round, ICirkpatrick and Hails (145) were able to lecover Siaph aureus m one 
instance, and Str vindans m another, from arm blood of 2 of 5 cases of pyorrhea 
immediately after the patients merely chewed mint candies for 10 mmutes In 
5 cases with other types of “oral sepsis” the results were negative, and in all 10, 
negative control cultures were obtamed befoie chewmg Similar results have 
been reported by Murray and Moosmck (146) Bmket and Burn (147) re- 
covered microorganisms from the blood, 10 mmutes after extractions, m 16 9 per 
cent of 204 cases Diphtheroids, gieenmg and non-hemolytic streptococci and 
Siaph aureus were found most frequently They could not correlate the m- 
cidence of bacteremia ivith degiee of “sepsis” or with operative trauma, and 
found that attempts to sterihze the gmgival crevice with tmcture of lodme before 
extraction were meffectual These authors showed clearly that the microor- 
gamsms recovered from the cmculatmg blood are m fact derived from the gm- 
gival area They pamted a suspension of Serraha marcescens around the neck 
of the tooth before extraction, and recovered it subsequently m the blood m IS 
out of 38 mstances They also found, confirmmg Richards (133), that 5 mmutes’ 
digital massage of the gums of a patient with moderate pyorrhea was followed by 
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recovery of Staph aureus and greening sheptococoi from the blood 10 mmutes 
later 

In 1938, Elliott (148) recommended the use of small amounts of saponm m 
broth for blood culture to Ijse the blood and prevent the action of the blood 
leucocytes on streptococci Tlus method rvas said to make it possible to reco\ er 
the orgamsms i\ith increased sensitivity In a comparison of this method with 
the whole blood method. Elhott was able to obtam greenmg streptococci from 
the blood of a total of 39 out of 05 patients (00 per cent) immedi vtely after dentil 
extraction, 38 of these Nvere positixe with saponin as compared with 27 without 
saponm In a later paper, Elliott (144) reported that the movements of a tooth 
in its socket customarily induced with extraction forceps before actual removal 
of the tooth were in themselves sufficient to induce a tiansient bacteremia in 
patients with marked gum disease Positive blood cultures were obtained most 
consistently after such "rocking” of teeth inth periodontal pockets, which were 
loose to begm with Bacterenua was also obtained, although somewhat less 
frequently, as a result of pre extraction movement of teeth with acute periapical 
infection but with healthj gmgival tissues Palmer and Kempf (149) reported 
V 17 per cent incidence of bacteremias, predominantly gieening streptococci, 
following extraction of one or two teeth The findings 111 this study have also 
been reported by Hopkins (150) , it may be noted that the percentage value agrees 
closely with that of Burket and Bum (147) as given above Eaillo (151) ob- 
tained positive blood cultures in 8 of 20 patients after tooth extractions, and 
Northrop and Ciowloy (152) h ive reported an incidence of 12 4 per cent positive 
cultures in 97 such cases 

Jlost reports smee 1935 011 transient bacterenuas follow mg suigery or other 
111 inipulation liave dealt with the teeth, and the data on other areas that are 
ivailablo do not make it possible to evaluate the relative importance of dental 
operations as compared with others South worth and Flake (153) obtained 3 
positive blood cultures before 22 tonsdlectomics, and only 4 positive cultures 
after operation hlillet and Van Eyck (154), who give refeiences to additional 
reports on bacteremia folloivmg extra oral surgery, obtained positive blood cul- 
tures m 40 per cent of 100 cases of operation or curettage m chronic tonsillitis 
or enlarged adenoids in children Blood cultures before operation were uni- 
formly sterile A wide variety of bactenal species was obtamed in the post- 
operative cultures, with greening streptococci considerably less common tlian 
othei types, such as Gaffhja Iclragcna and pneumococci Thebactereini 1 nev er 
lasted more than one hour Additional references are also giv eii by Burket (155) 
mid bj ICeefer (124) 

Importance of the teeth in transient bacteremias While the variations in these 
data are such as to prevent quantitative comparisons, the force of the findings as 
a whole seems ineae ipablc It is plain th it manipulation of in infected arui 111 
the bodj may be follow ed for a brief period by the appearance of microorganisms 
in the circulating blood Greening streptococci are by no means the only micro- 
orguiibins to enter the blood stream m this way, but thoj do so comraonlj It 
appears th it the probabihtv of such a b letercniia may increase in proportion 
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to the concentration of bacteria at the manipulated site and to the degree or 
duration of the operative trauma And although precise data are lackmg, the 
pecuhar anatom 3 ’-of the teeth and then supportmg structures suggests that manip- 
ulations of the teeth or of the tissues around them may be of distinctive im- 
portance in the production of such bacteremias The periodontal membrane, 
a thin layer of connective tissue rich m elastic fibers and blood vessels, lies be- 
tween two relatively unyielding walls, the tooth root and the alveolar bone At 
the coronal end this tissue is separated by a very thm mucous membrane from 
the free surface, which is nevei sterile, and is frequently the site of a massive 
accumulation of miciooiganisms The data suggest that in health, when the 
penodontal membrane and its overlymg epithelium are mtact, an effective barrier 
IS mamtamed against the surface fioia duimg functional movements in the aiea 
(eg, durmg mastication) In pyorrhea, however, the periodontal space be- 
comes widened, the suspensory mechanism of the tooth is weakened, and the 
miciobic accumulation has both mci eased greatly m amount and penetrated 
more deeply along the tooth root Under such conditions undue pressures such 
as may be induced by function oi massage, abetted by abnormal mobility of the 
teeth, may pump bacteria from the surface mto the intact and closely confined 
periodontal membrane and thus into the blood stieam The tremendously in- 
creased pressures in the periodontal membiane that must attend the “rockmg” 
movements of a tooth prior to its extraction seem to provide ample explanation 
for the aspiration of microoigamsms mto vascular tissue even though the gin- 
gival and periodontal areas be mtact Such a view seems to have been sug- 
gested first by Fish and MacLean (156), who demonstrated streptococci m the 
blood and lymph spaces m the periodontal membiane and pulp of vital pyorihetic 
teeth after extraction, and weie able to prevent such infection by cauteiizatioii 
of the gmgival area before extraction Tunnichff and Hammond (157) and 
Kanner (158) have reported si m ilar findmgs 

Under ordmary ciicumstances a bacteremia induced as detailed above may be 
an event of no great importance, since the normal clearing mechanism of the 
blood elimmates the circulatmg microorganisms withm a short time It is evi- 
dent, on the other hand, that m a person with a previously damaged heart, per- 
haps with small fibim masses already adherent to the abnormal valve surfaces, 
such a bacteiemia may provide the opportunity for implantation of gieening 
streptococci on the valve 

Tooth extraction and subacute bacterial endocarditis In the years since atten- 
tion was focused on this question, reports in mcreasmg number have pointed to a 
relationship m time between antecedent tooth extraction (oi, apparently less 
commonly, tonsillectomy) and subsequent endocarditis It has been noted that 
Rushton (141) and Abiahamson (142) were among the fiist to report such cases 
Additional cases have been reported by Bernstein (159), Weiss (160), Lamb (161), 
Feldman and Trace (162), EUiott (144), Sale (163), Palmer and Kempf (149), 
Paquin (164), Budmtz, Nizel and Berg (165), Geiger (166), and others Some of 
these are i eports of single cases while others i eport multiple cases Elliott (144), 
for example, gives details of 13 cases of subacute bacterial endocarditis in persons 
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iMth preceding cardiac abnormality, all of which seemed to foUow directly, vitlu 
a few^days or a few weeks, after extractions which were usuaUy “ult'P'e ““d- 
usuallj m “septic” mouths Budnitz, Nizel and Berg (16o) state tlmt Kelson 
^d a 10 per cent mcidence of recent dental surgery m 250 c^es of subac^ 
bacterial endocarditis at Massachusetts General Hospital and later, m 500 add 
tional cases presumably with more complete records, an incidence of 2o per cent 
Geiger (166) notes that, 

“m 50 pro\ed cases o£ this disease Isubacute bactenal endocarditis] drawn at random from 
the history files of the Mew Hayen Hospital, the simptomatic beginning of the fatal in- 
fection was specifically mentioned in 12 instances as closely following extractions In o 
Others, the suspicion of invasion from a dental focus was suggested by the physician a nota- 
tion of ‘recent dental work* in one, ‘abscessed teeth’ m another, ‘extreme pyorrhea m a 
third, and ‘miserable condition of teeth* m two others In many of the case histones, 
there was no statement concerning the teeth or recent extractions, and perhaps specific 
inquiry concerning this detail was overlooked ** 

It IS notorious that dental exa mina tions and records m hospital cases are often 
grosslj inadequate The mouth, as the physician sees it, is too often only a col- 
lection of blurred objects that block a clear view of the throat 

Therapy Before the advent of sulfonamide therapy subacute bacterial endo- 
carditis was considered mvanably fatal Smee that tune there have been well 
authenticated cases of recovery (see Smith, Sauls and Stone (167)), but tlic 
number of cured cases continues to be very small Both vindans streptococa 
and the enterococci have been found sensitive to the sulfonamides tn vitro (168, 
169, 170) Experimental vindans endocarditis in dogs has been successfully 
treated with sulfanilamide (130), and in fully developed cases of subacute bac- 
terial endocarditis m man, sulfonamide therapy has liad an observable effect t 
“the blood became stenle and remamed so throughout 33 days of treatment until 
the patient’s death” (168) Fnedman (131) showed that the fibrin-platelet 
vegetations in which the streptococci proliferate are relatively impermeable, 
and advocated the use of hepann m conjunction with siiffonamides with a view 
to dissolution of the fibrm Altliough such combined therapy has had some 
slight success m other hands (171), Fnedman, Selzer and MacLean (170) them- 
selves found It meffectiv o m clmical tnals More recently lOitz and Elek (171a) 
reported completely negative results with hepann combined with either sulfon- 
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pointed out In a study of 150 patients Christian reported that the eaihest 
symptoms were, in decreasing order of frequency, (a) malaise and fever (m 52 6 
per cent at onset, and in 71 3 per cent at onset oi in the early days of the disease) , 
(b) ]oint or muscle pams (m 42 per cent, at oi neai onset), and (c) nausea or 
loss of appetite (m 16 per cent, at oi following onset) He lecommended that, 
■with a history of chrome valvular or congemtal heait disease, such symptoms, 
persistmg more than one week without definite evidence of other disease, indi- 
cate a high probability of subacute bacterial endocaiditis To this hst we may 
add, as confirmatory indications, the presence of pyorrhea, or a history of dental 
or other surgery within several weeks or months of the onset 
Prevenhon The outlook foi successful prevention of this disease, now that 
the essential facts of its pathogenesis seem clear, should be somewhat bnghter 
than the prospects for effective therapy Prevention, however, here as else- 
where, IS not easy to apply, and suffers from a lack of that dramatic or seemingly 
miraculous quality which often surrounds a successful cure Prevention seems 
negative, its effects on the mdi-vidual may be mapparent or undemonstrable, 
and since it may require long sustamed efforts, its value may be difficult to ap- 
preciate Such long range prevention seems most promismg in this instance, 
but shorter range measures have also been suggested 
Subacute bacterial endocaiditis is evidently a secondary or derived process 
Its occurrence depends upon such antecedent maladies as rheumatic or other 
heart disease, and on impairments of other body areas, like the mouth, which 
harbor non-hemolytic streptococci At long range the prevention of subacute 
bacterial endocarditis therefore implies the prevention of these antecedent dis- 
eases A discussion of the prevention of heart disease in general is not ivithm 
the scope of this review As for the prevention of mouth infections, while the 
means toward this end have not yet been attained in aggregate, there is much 
that can be done effectively for the individual patient These means are largely 
the dentist's responsibility, but it is obvious that he needs the co-operation of the 
physician m order to apply them For example, all patients with heart disease 
in eaily life, m particular ivith rheumatic heart disease, should be advised by the 
physician that unremittmg dental care is more necessary for them than foi 
others No fully guaranteed means for the prevention of dental caries can yet 
be offered, but early decay can be detected and effectively arrested, thereby 
preventmg infections of pulp and periapical areas Some of the causes of gin- 
gival and periodontal disease are stiff obscui’e, but neglect is at least an aggravat- 
ing factor in their causation, and suitable care can retard and mmimize their 
effects where it cannot abolish them entuely 

At shorter range the problem becomes one of the pievention or piompt con- 
trol of bacteremias foffowmg dental extractions or other operative procedures m 
infected areas in patients "with cardiac disease It would seem elementary to 
suggest that tooth extractions oi othei oral surgeiy should never be undertaken 
•without a general physical examination of the patient, and perhaps the time 'Will 
come when a general medical workup of the patient mil seem an mdispensable 
prerequisite to dental treatment of any kind 
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Seveial procedures have been leconunended and tried for the control of bac- 
teremias follo\ving the extraction of teeth Feldman and Trace (162) have sug- 
geated that the patient wth heait disease who is m poor health should be “built 
up” before undertaking operative work on mouth or throat Elliott (144) lecom- 
mended the preoperative improvement of oral hygiene m such patients, and the 
avoidance of multiple extractions and of excessive manipulative traumatization 
durmg extraction Eish and MacLean (156) reported that pyorrhea pockets 
could be sterilized mth a cautery so as to prevent aspiration of infection mto the 
tissues durmg extraction This method deserves more extended tnal As 
noted above, a less drastic sterilizing procedure — with tmcture of iodine — was' 
not found successful by Burket and Burn (147) 

Pietreatment xvith sulfonamides has been widely lecommended, and has 
apparently been instituted as routme practice m several dimes on empiucal 
giounds The mdications for such a practice are obvious, and it cannot be sug- 
gested that it be withheld from the cardiac patient , but it is to be hoped that ade- 
quate data on dosage and duration of treatment, and on possible ill effects both 
immediate and remote, mil be accumulated on the basis of controlled experiment 
before the practice becomes universal It may be noted that sulfanilamide has 
been given in small daily doses over long periods for the piophylaxis of rheu- 
matic fever, with apparent success (173) The development of hypersensitivity 
to sulfonamides, which might prejudice a latei use of the ding undei critical con- 
ditions, lias also been lecorded (174) 

Data estabhslimg the value of sulfonamides m the prevention of subacute 
bacteiial endocarditis are not yet axailable Such data will not be easy to 
acquire, smee the proportion of cases m which extraction of a tooth or other 
operations m a patient with cardiac disease is followed by a subacute endo- 
carditis IS not Imown, and since such operations are by no means invariably fol- 
lowed even by a bacteremia The prevalence of both sequelae in the case of 
tooth extraction would seem to vary not only with the condition of the patient, 
oral and cardiac, but also with the surgical methods employed by the mdividual 
practitioner No control prevalence of endocaiditis, or even of bacteremia, is 
to be looked for in cardiac patients, but a control prevalence, under the conditions 
of the experiment, of bacteremia m patients with no heart disease must be pro- 
vided as a basis tor comparison of chemotherapeutic action Budnitz, Nizel 
and Berg (165), without such control, selected 27 patients with valvular or con- 
gemtal heart disease at the Woicester City Hospital after consultation between 
cardiac and dental dimes, and gave them sulfapyiithne, 1 gram imtially and then 
0 5 gram every 4 hours, except durmg sleep, for 6 or 7 consecutive days Dental 
surgery was done on the third or fourth day Blood eultures, m a medium con- 
taming p amino-benzoio acid to neutralize the mhibitory action of the drug (175), 
weie sterile both immediately and 30 minutes after surgery, and neither sub- 
acute endocarditis nor other major untoward reactions developed Northrop 
and Crowley (152) studied a larger number of both normal and cardiac cases, 
and included an untreated control group The latter comprised 07 minor oral 
smgical operations Blood was taken before, unmediately after, and agam ten 
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minutes after opeiation. With a few doubtful exceptions which the authors 
beheved were due to contamination, all cultures of blood taken befoie and ten 
minutes aftei operation were sterile In 12 mstances (12.4 per cent) positive 
cultures were obtamed from blood taken immediately aftei operation, excludmg 
3 additional mstances attributed by the authors to contamination A total of 
73 cases were given 1 gram each of sulfathiazole and sodium bicarbonate, begin' 
nmg on the day before operation and lepeated eveiy four hours to within one oi 
two hours befoie operation, the total sulfathiazole dosage bemg 6 giams Blood 
samples, taken as before, were planted both m plam broth and m broth eontain- 
ing p-ammobenzoic acid Cultures of blood taken befoie and ten minutes after 
operation were negative, but 7 patients m the group (9 6 pei cent) yielded posi- 
tive cultmes immediately after operation. Deteimmation of the blood sulfa- 
thiazole levels m these patients disclosed that five of the positive cultmes were 
recoveied from among 23 cases m which the blood concentiation was less than 
3 mg pel cent, while the other two positive cultmes weie obtamed from among 
50 patients whose blood levels langed from 3 to 5 6 mg per cent These finduigs 
aie obviously insufficient to estabhsh the value of such sulfonanude piophylaxis 
They suggest that laigei dosages may be lequued, and emphasize the need foi 
careful evaluation and control of any lecommended pioceduie befoie it is ac- 
cepted for routme use 


SUMMARY 

This papei is a review of the classification, chaiacteiistics, and pathogenicity 
of aerobic streptococci othei than the “pyogenic” group, and deals paiticularly 
with the pathogemc relationships of the streptococci of the mouth The seveial 
membeis of the viridans, lactic and enteiococcus gioups aie desciibed and dis- 
tmgmshed, and current attempts at a seiological classification, paiticulaily of 
the vuidans gioup, aie reviewed The metabolism of the stieptococci is dis- 
cussed under the headmgs of i elation to oxygen, lactic acid piodiiction, and the 
natui e of the gi een pigment produced from blood Intei i elationships among the 
streptococci aie considered with special lefeience to gieemng valiants of hemoly- 
tic forms 

The disease-pioducmg poweis of the non-hemolytic stieptococci are discussed 
in terms of virulence factois m the oigamsm and lesistance factois in the host, 
with emphasis on the expeiimental pioduction oi lesions m animals with pure 
cultmes It is pomted out that except for subacute bacteiial endocaiditis theie 
is no convmcmg evidence that these stieptococci evei play a piimaiy lole m 
disease Dental infections aie given brief sepaiate consideiation, and the pe- 
Guhai difficulties of bacteriological studies of the mouth, dependent upon the 
complexity of the oral flora and on the distinctive anatomical chaiacteiistics oi 
the teeth and then supporting tissues, aie described Data aie also leviewed on 
the significance of bacterial allergy m the pathogenicity of the non-hcmolytic 

streptococci. + 

Subacute bacterial endocaiditis is discussed m detail It is brought out tnat 
the streptococci concerned m this disease appaiently do not constitute a distinct 
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“pathogenic” variety, but are evidently those of the mucous membranes gener- 
ally Clmical and experunental data aie reviewed wluch indicate that subacute 
bactenal endocaiditis results from the implantation of viridans streptococci or 
enterococci on an abnormal oi injuied heart valve, where a mass of fibrm, by 
servmg as pabulum and protectmg the organisms agamst the clearmg mechamsm 
of the blood, penmts their continued proliferation The findings of many 
workers are given which mdicate that a tiansient streptococcemia, which m 
persons with cardiac defects may piovide the source of infection of the heart 
valves, IS provoked by mampulation of or operation upon contammated areas m 
or adjacent to mucous membranes which harbor these stieptococci It is noted 
that although the dental and periodontal tissues are not unique as sources of 
such infection, their pecuhai anatomy may lend special significance to them 
Numerous cases are cited m which subacute bactenal endocarditis is known to 
have followed operations on the mouth Finally, the means available for treat- 
ment and prevention of subacute bacterial endocarditis are reviewed, including 
an appraisal of the use of sulfonamides to control transient bacteremias following 
tooth extraction 
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I INTRODUCTION 

A Malignant and Bemgn PneumomedtasHnum 
There has been m the last decade a maiked increase in the numbei of recognized 
cases of pneumomediastinum There is no 1 eason to believe that the condition is 
moie fiequent now than formerly The increase m the number of reported 
cases aiises from improvement m diagnosis Many of the mstances which have 
been reported have been benign, the patient recovered spontaneously Theie 
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has been, therefore, a tendency to regard an in the mediastinum afl of no dire im- 
port, and to emphasize that the chief value m its recognition is to prevent the 
physician fiom making an unduly grave piognosis Wc would point out tli vt, 
although this condition often is benign, yet it may sometimes bo fatal, and the 
mistake of underestimating its implications is to be avoided 

Benign pneumomediastinum differs from what we have chosen to term “malig- 
nant pneumomediastinum” not in kind, but meiely m degree The conditions 
under which the benign form may become malignant are 

(1) "When pressure of air bubbles on the blood vessels and heart inteiferes with 
the circulation 

(2) When, from massed air bubbles in the pulmonic interstitial tissue, there is a 
splinting of the lungs m the inspiratory position thus mnlang further respiration 
progressively difficult or even impossible 

(3) When the pr^sure m the niediaatmum rises too high 

(4) When the usual escape routes into the neck and retropentoneum are not 
opened out 

(5) When air escapes mto both pleural cavities causing bilateral pneumothorav 

(6) When a seiious mflammatory condition exists m the lungs 

(7) When cough is present treatmg a tension pneumothoras 

(8) When the condition occurs as a sequel of atelectasis m the now born The 
factors responsible for the appearance of benign pneumomediastinum are the 
same as those wluch aie the forerunners of the malignant type, and will here bo 
reviewed First, however, because of the tendency to view all cases of pneumo- 
mediastmum as “bemgn,” we ivish to quote a description of xvhat wo believe to 
have been malignant pneumomediastmum and pulmonary interstitial emphy- 
sema, and to show that air in the mediastmum is not always harmless, but may 
actually weight the scales m favor of death m patients who will recover from the 
primary disease, if pneumomediastinum does not develop 

This quotation about to be given also serves to bring out one of the major 
characteristics of the malignant type of interstitial emphysema, namely, that its 
presence may be, indeed usually is, unrecognized The air is occult, hidden, 
trapped m connective tissues where it exerts its malignant effects upon blood 
vessels of lung and mediastmum and upon the heart itself It masquerades 
under sj mptoms that simulate heart disease (206) dyspnoea, cyanosis, anginoid 
pains, and fallmg blood pressure all tend to convince the physician that the 
patient’s disease is cardiac in origin, and the true culprit is not cv en suspected 
As will be noted from the cases m the hterature reviewed, the presence of air was 
usually not thought of, or the mode of its production was misinterpreted or it was 
not understood by the physician. Finally, in many cases the presence of air m 
^ediastinum and mterstitial tissues of the lung has probably proved fatal 
The account o' Torrey and Grosh of patients with influenza m the 1918 epi- 
“enuc well desenbes some of the=e cases They called the condition “acute 
ronchitic emphj =ema” or “pulmonary emphysema," but the de=cnption of the 
u icnts and some of the findings at autopsy Icav e little doubt m our mmds that 
vvere deahng witn rmJign..nt puImon..ry interstitial and mediantmal ern- 
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physema They say, “The pomt which struck us here was the intense dyspnoea, 
with httle caidiac disturbance, cyanosis, great air hunger, and erection of the 
chest fixed m a state of hypermspiiation, with only tidal air movement As the 
muscles of raspiration failed, exitus occurred, a respiratory death, in contradis- 
tinction to the toxic circulatory or vasomotor death commonly seen m the early 
days of true pneumoma The pulse impressed us as being slowed as if under the 
influence of cardiac vagotonic inhibition, as in high pulmonary pressure 
Verj’- soon the accessory muscles of respiration were the only effective ones giving 
a lift to the uppei chest, already so distended that any gam m capacity was 
impossible Sternal tympany became more marked, assuming a box-like char- 
acter Marked stasis of all the veins entermg the chest and those dramed by the 
supeiior vena cava was manifest Cyanosis became more profound and in the 
end stage there was an ashen Imdity of the whole face and chest 
“When m apparent respiratory extremis, frequently a patient would begm to 
complam of pains, substernal and m the jugular fossae, and crepitation would be 
noted m the subcutaneous tissue at the root of the neck, and immediate marked 
subjective rehef was apparent, rapidly followed by a noticeable improvement in 
the respiratory excursion of the chest, and the most strikmg decrease in cyanosis 
and jugular distention . As the mtrathoracic pressure was thus relieved these 
apparently moribund patients often went on to recoveiy. 

“A number of patients dying m this early stage of emphysema came to autopsy 
The cause of death was evidently the mechamcal obstruction of the return flow of 
the venous blood from the general circulation to the mtenor of the chest by the 
thoracic fixation mterfermg with the mass movement of the blood . The lungs 
of bronchitic emphysema showed a great similarity m gross pathology as well as 
m climcal findmgs The surface showed the nb markmgs and emphysema- 
tous bullae, which were plainly visible under the visceral pleura The emphysema 
was such that the lungs could not be collapsed by pressure The tissue, while ap- 
parently solid, was always found to be air-contaimng, floated m water 
- Regardmg treatment it must be said that no routme treatment was shown to be 
of value after the bronchitic emphysema was established ” 

These patients, described by Torrey and Grosh, were suffermg, we beheve, 
from mterstitial air, aor m the ivrong place, undoubtedly (as we interpret it, from 
evidence later to be presented) in the tissues about the blood vessels, compressmg 
them, so that even a good myocardium could not drive blood through their nar- 
rowed, or even obliterated channels, and also air m the coimective tissue septa, 
balloonmg up the lungs, and preventmg their collapse m expiration: air m the 
lung, true enough, but maccessible to the capillary net about the alveoli because 
it was trapped m connective tissue and could not escape, air m the mediastinum, 
compressing the vessels there; air over and about the pericardium, mterfermg with 
the action of the heart To paraphrase Colendge 

“Air, air, everj-where, 

“But not a whiff to breathe ” 

One wouldhave thought that the witnessmg of sudden and obviously material 
relief comcidental with the appearance of subcutaneous emphj^sema would have 
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suggested that the escape of air from someuhere uas salutary , and tliit “some- 
where*’ could hardly h we been othei than the mediastinum TliuSi tapping of 
the mediastmum, bj the mtioduction of a hollow needle, might uell have sug- 
gested itself, a technique now used in newborn cluldren with pneumomediastinum 
for withdramng air (116, 117) Trocar needles have been inserted into the sub- 
cutaneous air pockets to permit of the escape of air (205) The last-mentioned 
procedure may give some indirect additional relief fiom the pressure in the 
mediastinum in cases m which it has already been mateiially iclieved by escape 
of air mto the neck 

It IS not to be wondered at that pathologists and clinicians alike faded to ap- 
preciate even the evstence, much less the importance, of the undeilymg condi- 
tion of widespread interstitial emphysema in these cases, particulaily that of the 
lung and mediastinum, because the usual methods of examination of post-mortem 
tissues are inadequate m these particular cases, since they do not favor the dis- 
closure of the aberrant air The long delay which usually takes place between 
death and the performing of an autopsy leads to a disappearance of much of the 
visible air from the tissues Dui ing the handling of the parts at autopsy many of 
the bubbles burst, leavuig no trace of the an that once gave them shape Then, 
too, the usual methods of fixation of the lung after removal fiom the chest make 
for retraction of the connective tissues and serve still furthei to squeeze the air 
out of them Not untU one has looked upon such a lung fixed m normal shape 
and size soon after the death of the animal or person can one gam a leal compre- 
hension of the exact morphology of pulmonic interstitial emphysema 
The cuculatoiy and respiratory impediments arising fiom mterstitial em- 
physema of the lungs and mediastinum are so seiious and frequent os to make it 
desirable to give this clmical condition a name, and thus it is referred to as "air- 
block " Alieady one of us has wntten (106) "The condition arising from inter- 
ference of air in the lung, mediastinum, and extensions therefrom with the vital 
functions of icspiration and circulation may be termed ‘airblock’ ’’ , and wo shall 
use this term, as here defined, m this paper 
It is well to note that there aio two malign elements at work m aiiblock, (1) the 
interference wath the circulation, particularly the pulmonary cnculation, arismg 
from compression, by air bubbles of varymg size, of the pulmonary arteries and 
\ eins, the gicat x essels of the mediastinum, the heart, and also the vessels caiiy- 
mg blood mto, or out of, the mediastinum, (3) the mterfeience with the lespiri- 
torj mo\ ements of the lung on account of the loclong, or splinting, action of the 
iir ill the mtei-stitial tissue of the lung, in which mllation and deflation are alike 
mluhited These elements always occui together wath v irying emphasis on one 
or other of the two factors, and it is diflicult to separate out thou specific dimcal 
manifestations, so that it seems best to merge them together into the general sx n- 
Urome covered by the term “airblock ” 

its an aid to the interpretation of the factois at woik m mtroducing air into 
uese usually aiilcss legions, the following lexiei. is picsentcd We shall first 
coiibitler buefly the exphnation of piilmomt mteistitial emphysema or PIE’ il- 

' 1 o save space, these a> mljols n ill be used throughout the text 
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leady recorded in the hteiature (188, 189, 190, 194), emphasizing its importance 
not onlyj m deranging function within the lungs, but also its action in givmg rise 
directly to pneumomediastinum or PM, to the so-called “pneumopericaidium” 
(in reality, in the majority of cases, an anterioi pneumomediastinum oi pneumo- 
precordium, or PPG) , to pneumoretroperitoneum, oi PRP , and even pneumoperi- 
toneum, or PP, to pneumothorax, oi PT, and to subcutaneous emphysema, or 
SE, of the root of the neck, axillae, groin and adjoining regions 

B Anatomical Considerations 

How does air get fiom the lung mtothe mediastinum, (for m the majority of m- 
stances it is obvious that the source is the lung)? Under what conditions does 
air escape? These two questions must be answered before we can understand 
the cause and effects of air in the mediastmum and the mterstitial tissues of the 
lung, and thus adequately answer the third question, “How can the presence of 
air outside the alveoli prove fatal?” 

The Bronchial Tree in Respiration To answei these two questions the dynamics 
of the bronchial tree must be visualized The bronchial tree is divided into two 
parts, the conducting, consisting of trachea, bronchi and bronchioles, and the 
combmed conducting and respiratory, consistmg of respiratory bronchioles, al- 
veolar ducts, sacs and alveoli Although the respiratory element predonunates 
at the periphery of the lung, since large bronchi and bronchioles are lacking here, 
it must be remembered that expansion takes place throughout the whole lung, 
since alveoh suriound the bronchi and their divisions, as well as the large vessels, 
from the hilum of the lung outwards 

This bnngs us to the important division of alveoh into two types (a) those 
which have their bases lymg between other alveoh (“partitional” type), and (b) 
those whose bases rest agamst some structure other than adjoimng alveoh 
(“Marginal” or “non-partitional "type ) This latter class, whose bases abut 
upon bronchi, bronchioles, blood vessels, connective tissue septa oi pleura, is alone 
concerned m the production of pulmonary interstitial emphysema (PIE), audits 
sequels, pneumomediastmum (PM), etc Pores exist between the alveoh of the 
first type, so that air can pass from one alveolus to an adjoinmg one, but when air 
escapes fiom the base of the second type of alveolus, it makes its way only into 
one place, the underlymg connective tissue This is the first step in the produc- 
tion of PIE, and later PM How can these one-sided alveoh be made to rup- 
ture? To answer this we must agam resort to an explanation of the occurrences 
in normal respiration 

When ail is dravm mto the bronchial tree by the enlargement of the thorax, 
through the action of the muscles of inspiration, the alveoli of the lung expand 
As the maigmal alveoli abuttmg upon the bronchi and blood vessels of the lung 
open up, the structure against which they rest undergoes, of necessity, a simul- 
taneous change, the bronchus or the vessel, as the case may be, elongates, and at 
the same time increases in diameter (183, 184, 197) Thus the stioma pull of the 
ex'pandmg lung opens the vascular bed for mcreased blood flow durmg the m- 
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spiratory phase when it is most needed, and opens the an way for greatei inflow of 
air 

AVhen the end of inspiration is reached, and the chest wall begins to collapse 
against the expanded lung, the bronchial and vascular rays are shoitened and 
narrowed as the alveoli sunoundmg them expel some of their air content In 
normal respiration, the expansion and elongation of the broncho-vascular rays 
takes place, pan passu, with the expansion of the alveoli whose bases make tun- 
nels through which the broncho-vascular lays i un If respiration be reduced, as 
in sleep, the expansion of the alveoli is lessened at the same time that the respira- 
tory excursion of the lungs, and hence of the broncho-vasculai i ays, is correspond- 
ingly decreased, and less air and less blood enter the lung If respiration be m- 
creased m depth, as in exercise, the reverse takes place, and with the augmented 
expansion of alveoli, greater elongation and widemng of the broncho-vascular 
rays is evident The space between the alveolar bases and the bronchial or ves- 
sel lumen, which is in reality the connective tissue sheath of these bronchi and 
vessels, stays constant in volume, because its interstices aie filled with non- 
expansile tissue fluid This space forms a thmned rim of a largei circle m in- 
spiration, a thickened rim of a smaller circle in expiration (Fig 1), but through- 
out the respuatory cycle, its volume lemains constant 

C ' Pressure Gradient Factor in PIE 

Can tins normal relationship between alveolus and underlymg connective tis- 
sue be altered so as to produce a rupture of the alveolus with escape of air into the 
tissue beneath? It should be emphasized that rupture must be through an al- 
veolar base Rupture of the sides, even if it occuried, would lead only into 
neighbormg alveolar spaces 

Distention of Alveoli Factor “A” If the alveoli are overdistended with air, 
that IS, m a state of liypennAation, what may occur? In the alveoli that have 
their bases resting upon a bronehus or bronehiole or upon other alveoh, nothing 
happens, because the same excess quantity of air tint distends an alveolus is dis- 
tendmg the rest of the airway, and the bronchial lumen or adjoining alveoli are 
overexpanded also The conditions of noimal inspiration are present merely to 
an exaggerated degree, and although the sheath of the bronchus may be nar- 
rowed even more than usual, the pressure relations are constant betvv een air m the 
alveolus and m the bronchus 

But what of the alveoli bordenng upon blood vessels? Normally, the alveoh 
are hyperexpanded when the depth of respiration is greater than usual Under 
t leso conditions, the amount of blood in the pulmonary arteries and vems is 
correspondingly increased If, however, the heart cannot keep pace by pump- 
Blood into the pulmonary^ ai tones to expand the artenal lumen 
suluLiently , or if the return venous flow to the right heart is retarded, then the 
a veoh around the vessels are ov erexpmded, but the vessel lumen is not corre- 
spondingly widened, and a piessure gradient is created between the alveoh and 
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F 19 1 In this figure the outer circle represents the bases of a ring of 12 alveoh around a 
^ blood vessel The sides of the alveoli radiate like spokes of a wheel The inner circle repre- 
' sents the endothelial wall of a blood vessel The stippled area between the two circles is 
the sheath of the blood vessel 

A This represents the conditions at the end of quiet expiration 

B This IS the same vessel and its surrounding alveoh at the end of normal inspiration 
The bases of the alveoh are stretched, the circumference of the vessel is greater as more 
blood flows into the lungs, but the volume of the sheath remains constant It is a thinner 
rim around a wider lumen than in A 

C This represents the conditions in overinflation The inner circle of vessel wall is the 
same as in B, being dilated as in normal inspiration, but the alveoh are much distended, so 
that the circumference of their bases is much greater This puts a tension on the sheath 
between overexpanded outer circle and normally expanded inner circle The alveolar bases 
break as shown by the dotted lines, and air escapes from the alveoh into the sheath as shown 
by the large bubbles This factor of overinflation we have called Factor A The secondary 
compiession of the vessels induced by the escaped air is not shown in this figure, lest it be 
confused with Factor B in the next part of the figure 

D A strain may be put upon the sheath of the vessel creating a pressure gradient by^ 
making the inner circle smaller instead of the outer circle larger This means a reduction 
in the amount of blood going through the pulmonary vessels so that the lumen is smaller 
As forced expiration against obstruction is accompamed by the damming back of blood on 
the systemic venous side, the outer circle of alveoli is a httle smaller than in normal inspira- 
tion, but not as small as in expiration where the air can escape normally from the mouth 
The inner circle is much smaller than in A Again a gradient is created, and air enters the 
sheath This we have called Factor B 

E Factois A and B may be combined, the alveoh may be overdistended, and the blood 
vessel cahber lessened This heightens the gradient and induces rupture more readily 
Such an accident would occur when men escaping from a submarine ascend to the surface 
and hold their breath, thus lessening the pressure on the chest and pei-mitting of expansion, 
without equalizing the pressuie in the alveoh with that on the chest Holding the breath 
causes venous stagnation, with less blood entenng the pulmonary vessels hence lessemng 
of the vessel lumen This combines Factors A and B For a discussion of climcal condi- 
tions involving Factors A and B and combinations of these with increased mtraalveolar 
pressure, see text 
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the sheath The alv colar bases are trying to expand, that is, to enlarge the outer 
run of the vessel sheath, and the sheath does not follow owing to the inadequate 
expansion of the vessel lumen Rupture of the bases takes place, and air flows 
into the vascular sheath (Fig 1, C) 

This factor of ovennflation of alveoli, without corresponding expansion of the 
vascular lumen, permitting of the establishment of a pressure gradient from alveolus 
to vascular sheath we have termed Factor A (195) 

The bases of alveoh wluoh rest upon connective tissue septa may also rupture 
smee theu- expansion may be greater than that of the underlymg connective tissue, 
and air may get into the septa m this way 
Reduction in Caliber of Pulmonary Vessels Factor B Smee the essential 
factor m the production of PIE is the establishment of a doivnward pressure gra- 
dient from alveolus to the vascular sheath permittmg of leakage of air from rup- 
tured alveoli, we see that this pressure gradient can arise in two iv ays The first 

IS by the enlargement of the outer ciicle of alveolar bases without a corresponding 
enlargement of the inner circle of vascular lumen, winch we have just described 
and called Factor A The second way is by a narrowing of the inner circle, or 
ucssel cobber, without a corresponding diminution m the outer circle This we 
term Factor B The end result is the same, namely, a pressure gradient from air 
in the alveolus to the vascular sheath beneath, although the circumstances 
creating the pressure gradient would differ widely m the two instances (See Fig 
1, D) Circumstances might arise m which there was a combmation of both of 
these factors, thus enhancing the opportunities for the escape of aur into the vas- 
cular sheath (Fig 1, E) 

Increased Intra-alveolar Pressure The pressure inside the alveoli might be m- 
creased above the atmospheric pressure to the pomt at which rupture nught be 
induced Agam the pressure inside the bronchi and the alveoli would be the 
same, and there would be no pressure gradient between the two, but the pressure 
m the vascular sheath might not be sufficient to withstand the pressure inside the 
alveolus, and rupture might occur In most cases, at least, increased pressure m 
the alveoli is accompanied either by ovennflation, or by reduction in vessel caliber, 
so that the i upture m these cases would be associated w'lth eithei F ictor A or B, 
or both 

To sum up PIE occure because there is created a set of conditions which re- 
moves the support of, or weakens, the maiginal peiivasoular alveolar bases, 
these conditions are caused by the inability of the fluid-iich tissues of the sheath 
to expand and so enlarge the space between alveolai bases and vessel Wall 
Tills results m a reduced pressure in the she ith followed bj a break m the alveolar 
bases, and escape of an from alveoli to vascular sheaths Continuance of these 
conditions means continuance of air leakage, and, dependmg upon the amount of 
the latter, vaiious trains of sj mptoms may be elicited Pneumomediastinum is 
caused by the fact that the air tends to follow the path of least resistance, which is 
determined by the lengthening and shortening of the broiicho-vascidar rays al- 
readj desciibcd, ind makes its way toward the hUus 
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Having discussed the inodes of pioduction of PIE, that is, having answered the 
question as to how alveoli can be made to rupture with escape of air, we sViaj l 
briefly recount the expeiunents which led to the above conception, and then show 
^how in clinical cases the essential conditions may parallel those found m the ex- 
periments 

D Results of Experimental Woik in Which Local Ovennflaiion Ocmrs 

A brief review of the expeiimental work in which local overmflation of the lung 
substance occuired, as demonstiated by X-rays, wuth compensatoiy volume 
dimmution in other regions, is now given This will serve as a basis for the intei - 
pietation of the clinical condition of PIE 

In these experiments (188) , air was blown into the right lower lobe of the lung of ' 
the living anesthetized cat by way of a cathetei terimnatmg in the mam bron- 
chus. Double pneumothoiax was pi oduced In searchmg for the cause of this, 
it was concluded that the first step was air passing through numerous minute 
ruptures m the stramed bases of the alveoli of the overmflated legion into the 
underlying vascular sheaths The an bubbles, at first very minute, moved along 
the vascular sheaths, coalescing and gaming in size. This streanung of air 
through the puhnomc mterstitium lemmded one of the flow of a iiver that ever 
mcreases in size by addition of new tributaries as it proceeds on its course 
Reaching the loot of the lung the tram of air bubbles passed into and distended 
the mediastmum With contmued insufflation an actual ovei flow mto the i etro- 

peritoneum, anteiior mediastmum and subcutaneous tissues of the root of the 
neck and axillae occuried In extreme cases the mediastinal waU ruptured pro- 
ducmg a pneumothorax, which in cats was always bilateral 
These ruptures in the alveolar bases are not visible m ordmary histological 
sections, but must be demonstrated by a special techmc (191) Aftei the rup- 
tures had been produced, hot gelatine contaming minute carmme giams was in- 
troduced through the same cathetei , left in situ, which had admitted the air In 
sections of the injected part of the lung the gelatine was mixed with air bubbles 
in the vascular sheaths, and streams of caimme granules led from definite points 
on the bordeiing alveolar bases into the gelatme m the sheaths These streams 
marked the points of laiger ruptuies Agam, heaps of carmine granules on the 
ail side of alveolar bases marked the positions where the grams had been filtered 
out as the gelatme passed through the ruptures too mmute to be tiaveised by the 
grains. When the air pressure m the alveoh was great, it i uptured the capillaries 
, and then i ed blood cells wei e found m the vascular sheaths This is of interest m 
connection with the manner m which hemothoiax is produced in some cases 
This conception gives a new significance to PIE The an m the hvmg ammal 
or patient affected with this condition is often not static but movmg along toward 
the mediastmum Its presence (193) intei feres Avith the pulmomc as well as 
with the cardiac cuculation and leads to other disadvantages latei to be 
referred to 

Routeof Air fiom A Iveoli to Mediastinum Careful study did not reveal any air 
bubbles in the sheaths of the bronchial tree m these ammals, the leason probably 
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being that these tubes, under the conditions of the exponments, have a pressure 
of air within them equal to that in the surioimdmg alveoh, both being distended 
by the insufflated an 

The lymphatics have been suggested as a highway for air from alveoli to 
mediastinum (30), and it is quite possible that these structures in the vascular 
sheaths may be torn across and even invaded by air, but the air does not make 
much use, if any, of the lymphatics as a channel in passing toward the hilus 
They are too small to accommodate the large bubbles which may be an inch 
across at the hilus and in the mediastinum Polak and Adams stated that m 
similar experiments neither the lymphatics of the lung nor the thoracic duct con- 
tams air 

Air was not foimd m the septa between the secondary lobules of the lungs of the 
cat, since m this anunal these structuies are relatively light It was found here 
in a human lung (QI) and also in the overmflated calf lung (196) in which the 
septa are marked Subpleural blebs were not noted m the cat, though these 
have been reported in clinical cases, followmg influenza (157, 330) Air prob- 
ably gamed cnti-y into these subpleural blebs by rupture of the alveoh under the 
pleuia, or by dissection along the venous sheaths as they run to the pleura It 
IS unlikely that air passed from these blebs beneath the visceral pleura around to 
the hilus, os some writers have mtimated (157) When the air in the blebs finds 
a highway to the lulus it probably is by way of the mtrapulmonary vascular 
sheatiis, as was also noted by Berkley and Coffen, m their cases of influenza 
This ansnera the second question as to how this escaped air reaches the piediaa- 
tinum 

B Results of Experimental Worle tn Winch General Ovennjlalion Occurs 

Excised lungs' from newly-killed calves were mflated by air forced into the 
cannulated trachea undei pressure (196) When the lungs had become distended 
to the maximum it was noticed that air was escaping from the vascular sheatiis at 
the root region, as fast as itwas mjeoted mto the trachea Air also infiltrated the 
connective tissue of the interlobular septa of the lung, giving the surface a curious 
mosaic appearance IVhen the tube was removed from the trachea the lungs did 
not collapse to their initial volume, affordmg a striking contrast between the di- 
mensions of the flesh, collapsed lungs and those of the end result of tins inflation 
process The an trapped m the septa and about the vessels acted as a splmt, pre- 
1 enting the egress of air and the collapse of the lung The bubbles of air about 
the pulmonary vessels had so compressed their lumina that injection of the pul- 
monary vem under a pressure of three feet of vater was impossible 
If such a condition existed in the Irving animal the ebb and flow of air would at 
first be impeded, and the chest would become mcreasmgly fixed in the inspiratoiy 
position Each succeedmg bieath would drive more air into the mterstitium of 
the lung, thus further compressing the pulmoiiao' vessels and also makmg the 
next act of expiration still less effective Finally the animal, showing marked 

yspnoea and cyanosis, would die with the chest m the position of maximum m- 
spiration The descriptions by Torrey and Grosh, already presented, of some of 
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the patients suffering from influenza and pneumonia, coi respond exactly to that 
just given There is no doubt m our m i n ds that airblock was a veiy important 
factor m the cause of death in these cases. This answers the third question as to 
how this escaped air can prove fatal 

The same course of events is not observed m all anunals when subjected to 
general ovennflation, and the diffeience would seem to depend in part, at least, 
upon the degiee of development of connective tissue m the septa and beneath the 
pleura Thus when three rabbits (192), (m which the connective tissue is not 
stout) were subjected to geneial overinflation of the lung by air blown into the 
caimulated trachea, the degree of PIE was much less than it was m calf lungs, 
where the connective tissue is well developed In two of the thiee there was a 
defimte rupture of the lung itself through which air escaped into the pleuial cav- 
ity . This tear occmred m each case m the posterior aspect of the left lowei lobe, 
and would seem to occur there because the lung lacks support at this pomt 
Elsewhere the lung is splmted by the thoracic cage, or by the diaphragm sup-' 
ported by the firm liver on the right On the left, however, the diaphiagm can 
be pushed down, displacing the stomach, and so offermg little suppoit to the hy- 
perexpanded lung Pneumothoiax in these animals was caused, appaiently, 
not so much by the ruptuie of the mediastinal pleura aftei the appearance of 
PM, but by a blow-out in the lung lobe In the third rabbit, there was no tear, 
but the lung was discolored and soft m the posterior aspect of the lowei left lobe 
at a pomt exactly correspondmg to the tear m the lungs of the other animals 
Thoracic wall (external) support is thus of importance, in addition to stroma 
(internal) support Further experiments will be carried out to determine the 
critical pressure in the rabbit at which an actual rupture of the lung takes place 

Kelman, and Joannides and Tsoulos have produced geneial overmflation of the 
lung without descnbmg PIE m detail They have, however, described PM, 
PPG, PUP, SE, and, m the case of the latter two authois, PT Theiefoie, it is 
probable that the first step m the dispersion of air' from its normal container mto 
the connective tissue of the lung, namely, escape mto the vascular sheaths, had 
been taken m their animals, but was not mentioned Jessup stated that Kelman 
observed peribronchial and 'perivascular mtemtitial emphysema, but at no place 
m her article weie we able to find the latter statement She said “Fust a vesic- 
ular emphysema is produced Increased mtiapulmonaiy pressure causes lup- 
ture of some of the superficial distended au vesicles and thei e is an escape of air 
underneath the visceral pleuia, winch is lathei film The au finds less re- 
sistance m escapmg imderneath the pleura toward the hilus than to break through 
it ” It would appear, then, that she considered the route of the escaped an to be 
around the visceial pleuia on the suiface of the lung to the hilus This is furthei 
borne out by her statement that the ruptuied alveoh are all at the surface where 
they have little suppoit lather than m the depths of the lung The experiments 
demonstrating the site of the luptuies (191) show that the break-through is not 
only m the alveoli under the pleura, but also m alveoh throughout the depths of 
the lung, wherever they are around blood vessels 

In all of these experiments, the oveimflation was accomplished by blowing air 
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or gas into the lungs under increased pressure It might be considered that it was 
the latter factor which caused the rupture Griffin (113), honever, produced 
general ovennflation uncomplicated by increased pressui e witlun the alveoh He 
placed dogs, in nhom a tiachcotomy tube extended fiom the trachea to the out- 
side air, inside a decompression chamber, and loweied the pressure PIE, PM, 
PT, PRP and SE all occuired Inflation alone seems to be lesponsible for this 
occurience It must be pointed out, however, that although the pressure m the 
alveoli in these dogs was atmosphenc, it was relatively increased as compared with 
the pressure on the thorax Hence the relationship between pressure in the al- 
veoh to pressure on the chest was the same as in those experiments in which gen- 
eral overmflation was accompamed by hyperatmospheric pressure, namely, the 
pressure m the alveoli was abnormally high as compared with the atmospheric 
pressure on the chest wall 

Polak and Adams found that the alveoh would witlistand a great mcrease m 
pressure, provided that the lung could not overexpand They bandaged the 
chests of their dogs tightly to prevent the air, which was blown m, from balloon- 
ing out the lungs and the chest wall, and found that'under these circumstances the 
alveoh did not rupture even with relatively high pressures It is obvious that the 
bandaging of the chest increased the resistance to expansion of the chest wall, thus 
increasing the supporting pressure As the mternal mtra alveolar pressure was 
raised, the supporting pressure on the outside of the chest was also mcreased 
The work of Griffin and of Polak and Adams confirms the statement made earher 
in this paper, namely, that the essential cause of PIE is the establishment of a 
pressure gradient from alveolus to sheath When the alveoh lack support, they 
rupture, and the lack of support is caused by diminution of pressure m the sur- 
rounding perivascular tissues The alveoh can withstand high pressures inside 
them, if the pressure outside is equally high, they con be made to rupture at at- 
mospheric piessute, if the surrounding (supportmg) pressures are too low It is 
the steepness of the gradient that is responsible, not the levels between which the 
gradient lies This pressure gradient arises through the operation of the follow- 
ing factors, either alone or in combination, (1) ovennflation, (2) reduction m 
blood flow throughout the pulmonary vessels, (3) increased intra-alveolar ten- 
sion General ovennflation alone in man does not usually produce alveolar 
rupture Wlien rupture does occur m these cases, increased mtra-alveolar pres- 
sure or docre ise m vessel caliber or both will be found as accompaniments m most 
instances 


II CLINICAL C \SC8 OP PIE AND ITS SFQUEL VB 
A Involving Factor /I 

1 Cases in which a Pubssuiie Gilvdibnt is Phoduced by Local Oveh- 
iNtLAiiox 01 THE LuxQ Having shown that overmflation of alveoh of the lung 
without adequate b,isal suppoit may produce PIE we will now present evidence, 
fleduced from chiucal recoids of cases of loc il and of geneial overmfl ition, which 
indicates that PIE and its sequels have sometimes been present Of course, the 
omiical records h ivc not stated (ui the majority of eases, at least) that PIE was 
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present, nor have they even inteipieted the sequelae as dependent upon PIE. 
Not all such cases were fatal, of course, and in some that were fatal, the primary 
disease from which the patient suffered would be sufficient to provide a plausible 
explanation of the cause of death In other instances theaecords indicate that 
the patient was recovenng from the primary disease, when the sudden onset of 
PIE and PM, as levealed by the symptoms, turned the balance in favor of death 
Although PM m itseK may be fatal through pressure on the great vessels and 
heart, the very fact that a rupture of the mediastmal pleura to produce PT, 
especially bilateral PT, is always possible when PM is present, should mduce us 
to avoid treatmg so-called spontaneous PM too lightly 

How does local oveimflation occur m the human patient? 

Because of the anatoimcal structure of the thoracic cavity, dimmution m the 
size of any part of the limg must be compensated for in one of several ways (1) 
Elevation of the diaphragm on the atelectatic side, (2) immobilization with or 
without retraction of the chest wall on the affected side, (3) presence of liqmd or 
air m the pleural cavity, (4) overexpansion of some part of the lung The first 
two factors can compensate only to a hmited degree, and the thud is not always 
present Hence atelectasis of any amount is frequently accompanied by com- 
pensatory alveolar ectasia. The smaller the area of atelectasis the more localized 
often IS the area of compensatory overdistention, so that it seems quite possible 
for air leakage to occur from a comparatively limited area of compensatory al- 
veolar ectasia 

A word must be said here as to alveolar pores, the so-called “pores of Kohn” 
If the area of begmnmg atelectasis is small, and if no pneumonitic reaction oc- 
curs to produce an exudate closmg the pores of the alveolar wall (186, 186, 187, 
309) au may mflate it through the pores from adjoimng aerated regions, thus ex- 
panding it and preventing the hyperinflation of the surroundmg region, and its 
possible consequence, PIE If, on the other hand, the atelectasis occurs m an 
entire lobe where pores cannot permit of entrance of au, there bemg no pores be- 
tween lobes, or ff an exudate covers and fills the pores, so preventmg the admis- 
sion of au from adjommg regions, then hyperinflation occurs and, dependmg 
upon its extent and the natural resistance of the alveolar walls, PIE may result 
Subdivisions of lobes may be similarly blocked off because of then being separated 
by septa which contam no pores, this is conspicuously true in the bovines 

Atelectasis Any condition which mduces atelectasis may mitiate PIE Thus, 
obstruction of a bronchus by a giowth m the lumen, or by pressure of a growth 
from without, by a foreign body m the esophagus or bronchus, by mucus in the 
airway winch cannot be expelled, by constriction of a bronchus from, congemtal or 
other causes or failure of the atelectatic lung of the newborn to expand, etc , may 
be the beginmng of the tram of events ending m PIE This danger from atelec- 
tasis however, would seem to depend on suddeimess of production 

Many of the recorded clinical cases m which PIE or some of its more ex'tensive 
mamfestations have occurred, are those in which pneumomc inflammatoiy le- 
actions have blocked part of the airway, with subsequent absoiption of air, and 
diminution in size of the corresponding area of the lung Thus pneumonia, in- 
fluenza, diphtheria, measles, tuberculosis, silicosis, smallpox, etc , have been re- 
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ported as accompanied by PM, SE, PT, PPG, etc The atelectasis may not al- 
ways be demonstiable, or the roentgenogram may be taken too late to show it, 
although its earlier picsence imtiated the events which culminated m PIE, etc 
In Adcock s patient, the atelectasis which gave rise to PIE was demonstrated, al- 
though its cause was obscure The patient developed PM and SE 

Pneumomcdtaslinum and Pneumothorax of the Newborn Although pneumo- 
mediastinum has been regarded as a benign condition which ivill clear up spon- 
taneously, such a happy outcome is by no means the rule, at least, not m the now'- 
born PM alone, or associated with PT, may cause the death of the infant (93), 
and therefore, its recognition and alleviation aie all-important Not all parts of 
the lung of the newborn child may expand propeilj Some of the alveoli may 
lemam collapsed owing to the presence of aspirated meconium or aramotic fluid, 
or to the feeble efforts at respiration The ensuing atelectasis m some legions 
permits of hyperinflation m others, which, coupled with a poor estabhsliment of 
pulmonary cu dilation dependent upon an imperfect closure of the ductus arteri- 
osus perhaps, would bring about the very set of conditions necessary to mduce 
PIE, PM, PT, etc 

If the recorded cases of evidence of PIE as levealed by PT oi PM are to be 
taken as an mdc\ of the frequency of the condition m the newborn, it is lelatively 
rare If one considers, however, the recent experiences of men who are lookmg 
for evidence of PIE then it la much more common than the recorded cases w ould 
mdicate In a peisonal commumcation. Dr Gumbmer said that in the previous 
six months ho has seen four cases of PM, one of which was due to congemtal 
atelectasis Two were in children about a year old with occlusion of the mam 
bronchus by a foreign body, and one had occlusion of the mam bronchus, from 
exteinal prcssuie of tuberculous lymph nodes Thiee of these cluldren showed 
spontaneous PT and two liad SE PM is adequately revealed only when the 
lateral roentgenogram is taken, hence many of these cases may well be missed 
The final stage of PT, as judged from recorded cases, is rare Bertin, m 1936 
found only 22 cases of PT m the newborn recorded m the literature, yet he lum- 
belf found seven oases m four years by routinely takmg roentgenograms of the 
chests of newborn babies This would indicate that PT as well as PM in the 
newborn, as m adults, is far more frequent than has been thought 

Bertin stated that m only one of the seven cases had delivery been difficult and 
he thought that perhaps the rough handlmg of the mfant, m an attempt to estab- 
hsh respiration, had some bearing upon the production of PT Secretion enter- 
ing the laiynx unmediatcly after biith might cause a spasm of the epiglottis 
Both of these factois might opeiate, or the cause might be found in secretions 
aspirated before bn th 

Stransky reported a ease m which PM and SE accompanied by PT were found 
in the newborn In such a c ise, one may' assume that the same factor produced 
all three conditions , and a rupture of the alxeoli due to overmflation provides the 
ogical expl luation Ruptured congenital cysts might explain the PT, but not 
the SE m this child 

Slot and Brown stated that SE is raie in the newborn if unaccompanied by 
trauma Strongm reported a left tension PT ind SE m a child that had ox- 
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perienced a difficult birth After the withdi awal of air, the child’s color improved, 
the Diediastinum, which had been shifted to the right, returned to the midlme 
and the child, which had ceased to breathe, began breathing again Strongm as 
sumed that the PT was due to a tear m the lung, but it is more probable that a 
rupture m alveoli took place, and PIE, with its sequelae, foUowed McMann 
and Purcell described SE in a child who was born as a second tivm He made 
gaspmg sounds as soon as he was born, and became very cyanotic Although the 
trachea was cleared of mucus, SE appeared, and the child died The left lung 
was found to be completely atelectatic Here the cause of death was no doubt 
due to the PIE and its accompaniments, because there is more then enough re- 
serve in one lung to carry on respiration adequately Dogs can carry on with 
only 15 per cent of the lung present (252) 

Silver reviews the literature on PT m the newborn, and adds a case of his own 
He found atelectasis on the right side and emphysema on the left He removed 
the secretions blocking the right bronchus through a bronchoscope, but the child 
died the next day A roentgenogram before death revealed a PT Silver 
thought that death was due to a ball valve type of obstruction of the bronchus, 
and that the X-ray pictures supported this view Inasmuch as the obstructing 
secretions were removed, death was probably not due to them, but to pulmonary 
circulatory failure caused by the mterstitial emphysema on the left side No 
effort was made to withdraw air from the mediastinum m this child, a procedure 
which might have saved its life Recent cases of PT m the newborn have been 
reported by Elkm, Johnson, Pehu and his co-workei, Storts and James, Glaser 
and Landau, and b;^ Salmon and Forbes Geyman’s cases were m infants of 
four weeks and seven months, although he speaks of them as newborn Atten- 
tion has been called to PM m the newborn m editorials (73) 

Fisher (93) reported a case of PIE and PM in a newborn baby, which died five 
hours after biith The autopsy was performed one hour after death, and the 
lungs were fixed by intratracheal mjection after their careful removal As the 
sternum was lifted, S'lr was found m the mediastmum, and also in huge blebs 
about the pulmonary artery m section The vessels were collapsed by the great 
accumulation of air in the sheaths, and the air m the mediastmum could not do 
other than mterfeie with the action of the heart The left lung had never ex- 
panded after biith, consequently the right lung was overmflated Had theair 
been withdia^vn from the mediastmum as Gumbmer does it, with hypodermic 
needles, this child might have been saved The mere rehef of pressure upon the 
heart and pulmonary vessels, when aii is withdrawn from the mediastmum, may 
tide the infant over the first stages of dyspnoea until the atelectatic lung expands 
of itself 

Cases hke this show not only the climcal importance of PIE and PM, but more 
particularly that there is a malignant PM, causmg death This case also shows 
the value of early autopsy and proper fixation m fatal cases to reveal the cause of 
death Intrabronchial ffixation is advised, but it is important not to overdistend, 
as this has the effect of pullmg the circumvascular alveoh away from the blood- 
vessels, so enlaigmg the sheaths and simulatmg the effect of am invasion 
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We \\iU now topical instantet. of ibeiiant aii in infectious diseise-s, 

whidi piobabh begin is cises of PIE 

Influenza One of the commonebt conditions w Inch his been accompanied bj 
PIE and its e\tensions is influenza AVe w isli to i cfei to se\ ei al pipei-s published 
duuiigthe 1918 influenza epidemic, on PIE complicated b\ SE ind sonietmiesPI 
Ihei e w ei e II e IS of itelectasis ind of compensatoi y ah colai ect isi i in the lungs 
of pitients clving of influeiizi, ind Bullowa isciibed the c luse of the SE, as well 
as of the mterstitiil in, to the luptuie of the puts of the lung showing compen- 
sitoii emplnsemi Although aberiant an is a not mfieqiient complication of 
the pneumonia following influenza (Tone> ind Giosh had ovei 1100 such pa- 
tients), the iieas of ovounflation caused be atelectisis m pneumococcus pneu- 
monia seem not iieaily as pione to leakage into the intoi-stitium This tendency 
towaid luptuic of the alveoli m influenza has been attiibuted to the special 
nociotiziiig influence which the influeiizi viius his on pulmoiniy tissue (169) 
An was discoieied in the \isculai sheaths in the lung m some of these cases. 
Hid Beiklej and Coften state that the cessel sheaths acted is higliwijs foi an 
fiom the luptuied aheoh to the lulus of the lung These “in streaks” weie 
denioiis tinted bv X i ly Subpleuial blebs weie also picsent and Beikley and 
Coffeii stated that an escaped fiom the luptuied alveoli undei the pleuia, and, 
ow ing to the i esist nice of the lattei , could not get into the pleui il cavity Hence 
it tiaveised the vasculai sheatlis to the lulus, luptuied the inedi istinum, causing 
PT, and esciped into the tissues of the jugulum, causing SE lhe> lecogmzed 
that a common esplanation hid to be sought for the PT and SE, which coexisted 
in eleven of then 1,701 mfluenz i cases The piiman site of lupture in some in- 
stances mav well have been in peiivisculii alveoli as m the e\peiimental animals 
(188), the an making its way both peripheiallv to the pleuia and centiilly to the 
lulus Ihe ontne sequence of events may occui without the pieseiice of pleuial 
blebs Kelman noted SE and subpleuial blebs in influenza patients 

Claik and Svnnott lefeued to a “gas” in then influenza cases which tliev' In- 
tel pieted as an fiom the ah eoh of the lungs, occurimg in the sheaths of the ves- 
sels of the neck, a\illae and of the aim as fai down as the hise of the thumb 
Ihev noted that the ni was not in the muscle shevths, and that those lesscls in 
the ntch whose sheaths licit tniadcd by air were more compressed and seemed to haic 
tess blood m them than vessels elsewhere Unfoitunateh the significance of these 
fiiidmgs th it it w us the vascular sheaths which weie invided seems to have been 
oveilookod foi the most pait bv latci vviitei-., but has been discussed bv Alickhn 
(193) 

Bolide and Alacklni, woiking on the blood of patients suffeiing fiom influenza 
in the same epidemic, found that the venous blood was low in o\jgen this 
hiulmg wa.s lepoited m v monograph on influenza (118) It might be due to 
sever il f ictors (1) the amount of lung mvolv emeiit was so gieat that oxygen i- 
tion w us mtcifcied with \gainst this inteipietation aie the statements of Kel- 
inaii inul of Guthrie (118) that the dvspnoe i nid cyanosis m tliesc p iticnts were 
Old of all propoition to the amount of lung involved AIoicovci, Keith nid 

oivllos and Bnnbunn have avmrred that onlv fiom one twentieth to one tenth 
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of the lung is needed foi lespiiatoiy exchange while at lest (2) Some toxic 
factoi acted on the lespuatoiy centei to depiess lespuation Kelman stated 
that the vnus of influenza does depiess the lespiiatoiy centei (3) Some chemi- 
cal factoi in the blood i educed its oxygen combining powei Opposed to this aie 
the findings of Rohde and Mackhn that the hemoglobin content was noimal as 
was the O 2 combining capacity, although the 1 ate at which the blood absoibed the 
oxygen was slow (4) Some mechanical factoi, such as an compiessing the pul- 
monaiy vessels, interleied with the blood flow thiough the lung (193, 195), 01 
collapse ol the lung maj'- have been inteiteied with because of the ineit an 111 the 
septa and in the vasculai sheaths of the lung Theie may have been a combina- 
tion of these factoi s The maiked 1 eduction of oxygen earned m the blood of 
these influenza patients lemains as an obseivation not opposed to the idea that 
compiession of the vessels by inteistitial and mediastinal emphysema, and splint- 
ing of the lung by an tiapped in its connective tissues, played a lole in venous 
stasis and loweied oxygen content 

One of us (M T M ) lecalls vividly the statements of the physicians who col- 
lected the samples of blood upon which the O 2 combining capacity was studied 
“That lad won’t be alive tomoiiow for you to get anothei sample fiom him, he 
has staited to turn black ” The deep cyanosis which caused the patient to turn 
“black,” and which almost inevitably piesaged death in these cases, we mteipiet 
as evidence of an block The degiee to which this obhteiation of the lumen can 
be earned is shown m Fig 2 

One cannot lead the accounts of Toirey and Giosh vithout bemg impiessed 
with the likelihood (1) that PIE and PM weie piesent m some of these patients, 
and (2) that in many cases they veie the cause of death 

Pneumoma The lepoited cases of influenza m which PIE has occuiied aie 
those in which theie has been an associated pneumonia Benjamin lepoited PT 
in two childien suffeiing fiom pneumonia, and mteistitial emphysema on the 
same side in one of these, but thought that the air escaped into the pleuial cavity 
thiough laige spheiical bullae This might have been tiiie in his case, although 
the piesence of mteistitial emphysema would also account foi the PT 

Wyatt showed that atelectasis (the essential step m. pioducing local ovei- 
inflation) i\ as piesent m 26 01 19 pei cent of 135 childien with pneumonia This 
vas shoMTi by X-iay photogiaphs It is quite possible that many aieas of 
atelectasis do not show in the X-iays, so that the incidence of atelectasis may 
have been highei Although Wyatt did not mention PIE 01 PM as being piesent 
in his cases, thus not offeiing suppoit to oui statement that atelectasis is likely to 
induce these conditions, yet some of his lateial loentgenogiams aie, in oui 
opinion, stiongly suggestive of an in the mediastinum 

The opinions of diffeient aiithois disagiee as to the incidence ol the sequelae of 
PIE in pneumoma Cumnungs states that PT with pneumonia is extiemely 
laie, although he lepoits a case m a child of nine months with pneumoma 
Thomas (305), on the othei hand, believes it to be more common than the hteia- 
tuie M oiild indicate, and lepoits seven cases of pneumonia with PT as a complica- 
tion Andeison and Cathcait found it in a foui-yeai-old boy, eight days attei 
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the onset of pneiimonu Huizumnche and Pineles icpoited U\o clnUlien with 
spout iiieous PT nftei bionchopneumonia, and Watkins lepoited it in one child 
It would stem that the fitqutncy with which abeii int an ina-\ be found ic- 
tompanying pneumonia, as indeed in all the othei conditions to be mentioned, 
dependb in laigc pait upon the aleitness of the pin&ician in suspecting its pies- 
enco and looking foi it 



Fig 2 Collapsed pulmonary rrtciy m the lung of a cat lu ^^lncll pulmon inteisUti \\ 
enii)h>sema had been induced by intratiachcal insufflation of iii When tlic pressure was 
40 mm Hg PIE li id occurred and also PM, because iir was esc iping from the mednstiiiuni 
down in to the letropcntoncum as evidenced bj the marUed distention of the ibdomen 
The iir ilso ruptured into the peritontil cavity so tliat it escaped from tliorc witli a rush 
when the abdomen was opened liter By the lime the pressure had reached 100 iiiin Hg 
as indicated by the manometer reuhngs the animal was dcid Photogiaphs of the lung 
were tal en immcdiitel) after death X 55 

In the upper part of the figure is i cross section of a bronchus just is it is dividing into a 
smaller branch above and i larger branch to the light b,b The pulmonai> irter> li is 
ilrcadj divided at a liighcr level, so that the two bruiclies rt,a, arc iccompanyiiig their 
lesptctive bronchi Note tlie laige imount of air in the she iths ert iting a tunnel through 
w Inch the much compressed ai tei j runs suspended by delicate str uids of connective tissue 
which still piojcct from the outside of the sUeiUi to the vessel wall These cobwcblike 
strands ire particuhrlj well seen in the lirgcr uteiy projecting tow ird the right Vote 
the ibsciicc of ur about tlic bionchus except where it shares a she ith in coiiinion with tlu 
vessels Below the bronchus is ivtin,r partlj surrounded by i miss of iir 


I he bioneho pneumonia of othei infectious di-sc^cs may, ol cour'C, mdurc 
UclLcto.-,!',, PIE, PM, ,SE, PT, etc Ilente we need not be suipiistd wlitn thcic 
\aiiovi'> disoiscs \io lepoitcd js, ha\ing been compile itcd by an m thcmtir-jtitial 
tis'juo PI mij be the onl\ lecogmzcd Accomp mimcnt, and thin il w mttr- 
preted m pi lotically dl the t i&es as due to luptine of in adhoion, or of a bulla 
or to some te u m the pleui d buifate, c\ccpt m those ca-c' m whii h the patient 
Ims tome to nitopsi , ind m which no siith bulla, or adhoion or Par toiilil hr 
found, even iftei the most e \icful search 
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Diphthei la Buiton lecoids that he found seven cases of diphtheiia mentioned 
in the hteiatuie, which weie complicated by PM and SE, and added one of his 
own In this disease, the tiain ol symptoms might be initiated in one of seveial 
ways, (1) by local ovei inflation, following local atelectasis, (2) by iiici eased 
intia-alveolai piessuie occuiiing dining poweiful expnatoiy effoits with a 
laiynx oi tiachea occluded by membiane oi duiing violent coughing and (3) by 
dyspnoea following injection of antitoxin (157) 

Rolleston (265) lepoited a child with SE duiing an attack of diphtheiia It 
might be mentioned heie that SE has been designated “suigical” emphysema 
undei the mistaken idea that it appeals only followmg some suigical piocedine 
usually on the neck The vast majoiity of cases which aie called suigical em- 
physema would appeal to be cases m which the sequence of events desciibed in 
this papei has occuiied and that the suigeiy has had little to do with it except 
that an anesthetic was necessary foi the peifoimance of the opeiation, and 
tiacheal insufflation of the anesthetic has been piacticed, oi that the cases needed 
1 emoval of obsti uctions in the an way The foi mei cases come undei the heading 
of “geneial oveiinflation", the lattei undei the head of incieased intia-alveolai 
piessuie, and will be discussed shoitly Rolleston called his case one of "non- 
suigical” emphysema because it appeared before the tiacheotomy had been pei- 
foimed The patient had marked dyspnoea which mci eased in spite of the anti- 
toxin and on the seventh day SE appealed Tiacheotomy was peifoimed and 
gave 1 elief This was no doubt due to the fact that an escaped about the wound, 
thus lelievmg piessuie m the mediastinum 

Rolleston mentioned Sach’s case, m Avhich the emphysema extended ovei the 
face and chest The child died and it was thought that the tiachea had been 
peifoiated m the pioceduie of tiacheotomy, but Viichoiv who perfoimed the 
autopsy said that the an originated at the ‘boots of the lung” There was pneu- 
moma ot both lower lobes, and there was mediastinal as well as inteilobai em- 
physema This picture is typical, and the observation that the an came from 
the loots of the lungs is exactly vliat one would expect The pneumonia, lathei 
than the diphtheritic process, may have been lesponsible foi the whole picture 
In the case reported by Senator (265), the emphysema was again attributed to 
the supposed peifoiation of the tiachea Von Toi day’s (265) patient had diph- 
theria complicated by SE, but he lecoveied The cases of Fabie (265), Pineau 
(265) and of Shaiman and D’Esteiie (265) all died In the last named case, 
peifoiation of the tiachea and bionchi was looked foi as an explanation of the em- 
physema, but none was found Dolgopol’s patient had not only the SE but also 
PT Following the suggestion in the foimei papers of one of us (COM) that 
these were due to an initial PIE, Dolgopol looked foi and demonstrated an in the 
interstitial tissues and m the septa of the lung at autopsy The patient of Pais- 
seau died 16 days aftei the onset of diphtheiia Instiumental damage to the 
tiacheal mucosa could be ruled out At autopsy, extensive PM was present 
Two ulcerations on the lateral aspect of the mfeiioi lobe of the left lung were 
thought to be the cause of the an in the mediastinum, but as we have seen, PM 
pi obably ai ose tin ough an initial PIE Although the PM may not have been the 
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immediate cause of death m these cases, it undoubtedly iv as a contributing factor 
and may have even turned the balance 

Acute Obstructive Laryngitis The same remarks made about the classification 
of diphtheria cases apply to these They may be due to increased mtra-alveolar 
pressure rather than to local ovennflation foUowmg atelectasis Graebner re- 
ported PPG and PM m five children ivith obstructive laiyngitis In four, 
tracheotomy had been performed from one to two days before the emphysema was 
noted, and hence Graebner felt that the operation could not be held responsible, 
but that the onset of acute bronchopneumoma or plugging of bronchi by mucus 
which had to be aspirated was the cause of the aberrant air , In one ehild the 
PM occurred before the tracheotomy The anteroposterior view of the chest 
showed a hne parallel mth the left border of the heart, which was mterpreted as 
the elevated pencardium with air beneath it 
Gner reported a series of 129 patients with mflammation of the larynx, trachea 
and bronchi whose chests had been x-rayed, fifty-mne showed a widemng of the 
superior mediastinal sliadow, which Gner mterpreted as enlargement of the para- 
tracheal lymph nodes In a few cases which were followed, the enlargement dis- 
appeared spontaneously The same shadows were found in children with 
■ bronchopneumoma Gner differentiated them from the appearance produced by 
enlarged thymus or other mediastinal tumors or from oases of congemtally dis- 
eased heart Lateral views of the chest probably would have given the correct 
diagnosis 

Measles As m the case of the other diseases referred to, no attempt has been 
made to cover the hterature on the occurrence of interstitial emphysema of the 
lung and its sequelae in cases of measles It is to be expected, however, that these 
conditions ivill be encountered because measles is accompamed by cough and by 
pneumoma m some cases Marquezy descnbed two cases m which PM and SE 
occurred as complications of measles Massey and Oldershaw reported “surgi- 
cal emphysema” complicatmg measles The child, aged seven, had a severe 
cough SE appeared, and the condition was treated by sticking hollow tiocar 
needles mto the skin and lettmg the air out The bronchopneumonia, which hqd 
developed before the emphysema appeared, finally cleared and with it the em- 
physema disappeared also 

Smallpox A patient with smallpox accompamed by SE and bilateral PT is re- 
ported by Wilkinson At autopsy, edema of the glottis causmg forced expiration 
and increased pressure, and bronchopneumonia causmg ovennflation i\ere 
present, either of winch ivould explain the PM which must have preceded the SE 
A ruptured bulla on the right lung accounted for the bdateral PT in Willunson’s 
opimon. 

Tuberculosis Of course, the air in the pleural cavities in cases of tuberculosis 
has been attributed to the rupture of a tuberculous abscess, or cavity, putting a 
bronchus into communication with the pleural cavity ICirschner (1 CO) stated in 
reporting an instance in which the actual rupture mto the pleura could bo found 
in the wall of the tuberculous cavity, that “'^’he rupture of a tubciculous cavity, 
low ever, is rarely seen ” This has been assumed to be the explanation of manv* 
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cases of PT in patients with tuberculosis A PT may arise, however, m exactly 
the same way as that described foi the experimental animals Atelectatic aieas, 
due to the tuberculous process, might be the cause of compensatory' hyper- 
inflation with its ti am of symptoms Thus, in the patient reported by Blumberg, 
tuberculosis was advanced Theie was no history of severe cough immediately 
precedmg the attack, but the patient was found in a confused state, piobably due 
to cerebral an embolism, and -with marked SE and a PT Monod reported a 
case of PM and SE complicating tuberculosis Thompson, also Meade and 
Staff 01 d, 1 epoi ted cases of tuberculosis accompamed by SE Thompson assumes 
that the an must have come from a sub-pleural bleb which leaked into the vessel 
sheaths rathei than into the pleural cavity Meade’s patient had SE and PT, 
the foimer being so extensive as to requne incisions mto the skin of the neck and 
chest from which 1200 cc of air were ivithdraivn He mvokes the aid of the 
sub-pleural bleb to explain the PT, and the escaped air along the vascular sheaths 
to explain the PM , A single cause, namely, luptuied alveoli about the vascular 
sheaths, explains the PM, SE and PT 

An inteiestmg account is that of Dobbie, m which the PIE and PMVere un- 
doubtedly the cause of death in a tuberculous patient who did not develop PT 
spontaneously and in whom it was not induced aitificially This man aged 26 
had advanced tubeiculosis ivith paioxysmal cough He suddenly developed SE 
over the whole trunk and doivn the legs. The cyanosis and dyspnoea became so 
extreme that the patient died 58 hours after the onset of the acute symptoms 
Autopsy showed that there was no PT to explain the death The complication of 
SE m active tubeiculosis is lare, Huirell statmg that it had occurred but once m 
6266 admissions 

Szhcosis Silicosis causes a fibrosis of the lungs Such a condition would make 
f 01 uneven collapse if the lung is undergomg atelectasis , or for uneven expansion 
ff the lung IS in a state of hypei inflation to make up for atelectasis m other regions 
It would not be surprising, therefore, if occasionally PM, SE oi spontaneous PT 
should be found in cases of silicosis In 1940, Moorman stated that eighty-two 
cases of spontaneous bilateial PT have been encountered m the liteiature, and 
added two of his own Nme of these were found in persons with silicosis That 
more than 10 pei cent of the leported cases of spontaneous bilateral PT should 
have been found in peisons who also had silicosis might mdicate that the fibrosis 
of the lung which follows silicosis predisposes to PT, for it is certam that by no 
means do 10 pei cent of the population have silicosis Of couise, it may be 
aigued that tuberculosis fiequently accompanies sihcosis and that tuberculosis is 
the factoi causing the PT, through ruptured tubeiculous abscesses, etc The 
fact still remains, howevei, that the contraction and fibiosis of parts of the sili- 
cotic lung aie just the factors necessary to cause hyperinflation m otheis and thus 
set m motion the tiain of events leading to PIE Roubier, m 1937, lepoited one 
case of bilateral PT m a mold woiker ivith sihcosis Sokoloff, m 1939, found 
twenty-two cases of spontaneous unilateral PT m a series of 507 coal miners with 
anthiasilicosis Seven of the cases of PT were found m men who had no accom- 
panying tubeiculosis Simultaneous bilateial spontaneous PT was found m a 
patient with pneumonoconiosis (100) 
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Foreign Body m the Bronchus From a consideration of the cause of PIE one 
ight reasonably conclude that abeirant an could be found in patients with a 
reign body in the bronchus This is not mentioned as a possible complication 
foreign body in the airway in most of the leading texts on diseases of the chest, 
it we felt that it must have been observed and recorded A review of the htera- 
ire showed this to be the case, but revealed that the presence of the air was 
iually attnbuted to trauma caused by the attempts nt removal of the offending 
iject, or if such attempts had not been made, the manner m which air entered 
le tissues was a mystery The experiments here recorded show that there is a 
u-eot anatomical pathway for air from alveoli to mediastinum via the vascular 
leaths, and from the mediastinum to the face and neck and into the pleural 
ivity Atelectasis foUoivmg the presence of the foreign body produces the first 
lep m the sequence of events and the rest of the picture unfolds as described 
lot all cases of foreign body m the bronchus need be followed by PIE Such 
ases are recorded (104) 

Clerf called attention to the fact that metal objects are not often followed by 
lE, although they might be expected to lacerate the tracheal or bronchial walls 
nd so permit of escape of air into the mediastinum When they do not cause 
’IE, it IS doubtless because they do not completely occlude the bronchus PIE 
nay occur if secretions become blocked belund the metal objects as was the case 
n McHugh’s patient, or if swellmg of the mucosa is sufficiently sevei e so that the 
iirway becomes closed at that point Clerf states that vegetal matter, on the 
ither hand, is usually accompanied by SE even before bronchoscopy is performed 
V peanut, piece of popcorn, or coffee bean, etc , is of such shape that it blocks the 
bronchus and so causes atelectasis, which in turn induces hyperinflation, PIE, 
3to The irritant oils m peanuts arc particularly prone to cause mfiammatory 
reactions m the mucosa which sw ells and shuts off the flow of air Clerf reported 
two cases of SE after a foreign body had been aspirated, and cited seven other 
cases He said “The exact mechanism of production of emphysema m these 
cases is not known, as none have come to autopsy ’’ Even if they had, the ex- 
act mechanism might have been missed, for the storj of an mvasion is not apt to 
be revealed if only the usual methods of preserving and examining the material 
are used Air m the mediastinum ma 3 ' be demonstrated during life by appro- 
priate angle shots, (lateral views), of the mcdiastmum (10, 249) PM (C6, 255) 
and SE as complications have been reported (311) The PM oi PT has been re- 
garded as a result of laceration of the airway (59), sometimes caused by the at- 
tempt to remove the foreign body (255), although sometimes the PIE and PM 
occur before the attempt at removal (152) SE has been produced experimen- 
tally by mtroducing foreign bodies into the bionchus (25) It might be thought at 
this pomt that so far there has been no proof from most of these clmical cases to 
show that the air which was found in the subcutaneous tissues or m the pleural 
cavity got there through the interstitial route we have outlined This is true, 
ut the cases reported bj Fisher and Maoklm (94) of foreign body in the bronchus 
an by Fisher (93) of atelectasis m the newborn, in which intratracheal fixation 
revealed obliterated vessels and large blebs in the mediastinum, demonstrate that 
the sequence of events is probably as we have portrayed it Impentori’s case 
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also affords con oboration This was a child who had aspirated fragments of pea- 
nut and developed inaiked SE The fragments were removed, and ‘the emphy- 
sema lessened, but the child died, and autopsy showed that it had developed 
pneumonia “Pus was also seen along the course of the blood vessels” (of the 
lung) “and along the course of the trachea ” It had followed the course of, the 
air and was in the mediastmum, and ai ound the heart The cause of death was a 
purulent pericarditis In Rosedale’s patient, the PT was on the side opposite to 
the location of the foreign body 

If PIE and its sequelae aie to be expected following the impaction of a foreign 
body, why have they not been more generally recogmzed? The answer to this 
IS again supplied by the expeiiments, oi rather by the logical deductions there- 
from Eirst, if PIE, etc , are to be mduced, the foreign body must cause over- 
inflation brought about by atelectasis , and not all foreign bodies are followed by 
atelectasis, or it must cause increased intra-alveolar pressure, brought about by 
coughing to expel the object Second, the foreign body may be removed before 
the stage of leakage of an is leached Third, the presence of pores may prevent 
atelectasis. Fourth, a child’s lung is apt to be free from adhesions, so that col- 
lapse may be uniform, whereas in an adult, m winch adhesions are more common, 
a portion of lung which is tending to become atelectatic may be held open m some 
parts by the presence of adhesions which prevent uniform collapse This hap- 
pened m Sante’s case, which %vill be referred to under massive collapse The op- 
eration of any of these factors or of a combmation of them may prevent an 
overdistention that is severe enough to cause rupture 

Pneumothorax. PT has been presented as a secondary effect of PIE, but m 
some cases it may be the cause, rather than the effect For example, a PT may 
be present, having been mduced artificially, or having arisen through rupture of a 
subpleural bleb or tuberculous abscess, or through punctme of the lung by a 
fractured nb, etc If there are adhesions present which bmd a part of the lung 
on the side of the PT to the chest wall, preventmg collapse, compensatory hyper- 
inflation may occur in the uncollapsed area Alveolar bases may rupture in 
hyperinflated areas whatever the cause of the hyperinflation, therefore we may 
expect PIE m patients who already have a PT as readily as we will m patients in 
whom the overexpansion follows an atelectasis caused by bronchopneumonia, 
foreign body, etc The bases may rupture in the hyperinflated areas on the same 
side as the PT as well as in the contralateral lung 

PIE and PM are then likely to follow alveolar base rupture, and further air may 
enter the pleural cavities by a break-through of the mediastmum This may be 
on the same side as the oi igmal PT, or it may be on the other Smce the pressui e 
in the mediastinum had to be high enough to create this rupture, a PT which was 
peihaps under atmospheric pressure at first may be transformed mto a tension PT 
when the mediastinal pleura gives w^ay 

Jessup reported a case m which PT developed from puncture of the lung by 
fiactuied iibs After some time the chmcal picture changed suddenly (probably 
from the onset of PIE) Dyspnoea and cyanosis, tension PT and SE developed, 
and death followed At autopsy, adhesions to the parietal pleura held the upper 
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lobe from bemg collapsed by the origmal PT Thus a PT under atmospheric 
pressure apparently caused PIE ^vhlch, m turn, induced PM and tension PT 
through escape of air from the mediastmum, a!bO SE 
PIE may occur during attempts to induce an artificial PT because the needle 
enters the lung and iii is forced into the interstitium of the lung instead of 
into the pleural cavity This is a different mechanism from the one i\e have 
desenbed 

The steps by which PT causes PIE are set forth simply as follows Ateleotasis 
may cause compensatory hyperinflation Hypermflation may cause PIE PT 
causes atelectasis If the whole lung is not made atelectatic by the PT because of 
adhesions, PT may be the indirect cause of hypermfliation Therefore, PT may 
cause PIE 

Naturally, the same PT is not at once the cause and the effect, but under one 
set of conthtions PIE can cause PT as the experiments showed (188) , or when 
complete collapse of the lung by a PT is prevented by adhesions, PIE can follow 
as the result of PT 

Some of the patients referred to m tlus section had benign PM and recovered 
because the pressure m the mediastmum did not rise to a dangerous level, or when 
It did, was relieved by escape of air mto the tissues of the neck or mto the pleural 
cavity, thus removmg the pressure on the pulmonary vessels and heart A 
goodly number died, however, and death m some mstances was attnbutable not 
to the mitial disease but to the PM Had the condition been recognized, the air 
could have been withdrawn from the mediastmum, and some of these patients 
could have been saved 

2 Cases in which a Piiessube Gradient is Produced by Geneilyl Ovbhin- 
elation oe ihe Lung (A) Uncompbcaled Cases Relatively few of the cases 
of PIE, etc , reported m the liteiature winch are caused by general overmflation 
of the lungs, are those ivhioh are not accompanied by some other adverse condi- 
tion They are complicated either by (1) mcreased mtra-alveolar pressure or (2) 
reduction m the vascular lumen The first occurs when the patient has a gas 
blown into the lungs, either in insufflatmg an anesthesie, or for lesuscitation 
purposes in the newborn, m di owned, or in electrocuted persons The second 
occurs when the individual has been breathmg deeply, as after mtense exertion, 
and the flow of blood to the lungs is reduced for some reason These cases ivill 
be discussed shortly 

Clinical instances of PIE followmg general overmflation alone, such as Griffin 
(113) produced m his dogs, would have to be similar m mode of production, that 
IS, they would result from the sudden lowering of pressure on the outside of the 
chest, without a correspondmg diminution of pressuio wnthm the alveoli Such 
an event could happen when a person ascends from one pressure level to a lower 
pressure level wlnlo still breathing air under the original pressure, or when the 
change of pressure about the person is so rapid is not to permit of pressuie ad- 
justments m the alveoli in the ordinary course of breathing Thus a person 
would experience general overmflation of tho lung unaccompanied by increased 
pressure or reduction m blood vessel caliber if he were m a theoretieal airplane 
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■winch rose so rapidly that decompression of the chest occurred befoie the pressure 
m the lungs could be altered by bieathing, or if he weie suddenly shot up as a 
projectile from a mine, or from a caisson With more giadual decompiession he 
could also experience this type of general overmflation if he were fitted with a 
tight mask and weie made to breathe mto a contamei in which the pressure was 
mamtained at that level at which the ascent had been staited Fmally, un- 
comphcated general oveiinflation occurs in bomb-blast lungs, for in blast the de- 
compiession wave IS very intense and of such short duration that there is no time 
to adjust pressures m the alveoh by breathmg m the rarefied atmosphere These 
cases vull be discussed later, because there is a probabfiity that PIE may also oc- 
cur durmg the compression phase of bomb blast as well, smce the other pulmonary 
lesions, such as hemorrhages, are produced also m the compression phase (337) 

' (B) Combined with Inci eased Intra-alveolar Pressure Most of the cases of 
general overmflation of the lungs which have been accompanied by PIE, PM, PT, 
SE, etc , are those m which the overmflation has been coupled ivith mcreased 
mtra-alveolar pressure Such cases would correspond to the experimental ani- 
mals in which air was bloivn into the lungs through the trachea (188) 

Resuscitation of the Newborn, or of Persons in whom Some Type of Pulmolor is 
Used Although the majority of cases of PIE m the newborn are probably the 
result of compensatory local oveiinflation accompany mg areas of non-mflation, 
(congemtal atelectasis) some cases are the result of forcible blowing of an mto the 
lungs of the newborn infant m an effort to start respiration Rothman mentions 
the use of forcible artificial respiration and of the Dimker respirator as causes of 
spontaneous PT m the newborn Smith and Chisholm found that the chest of 
the newborn infant, in its efforts to expand, exerted a pressme equal to 40 cm of 
water (31 mm Hg ) They argue, therefore, that pressures as high as this may be 
used m resuscitatmg devices This conclusion does not necessarily follow ' It is 
possible that this pressure may not be excessive but the force required to expand 
the atelectatic portions of the 'lung may be suflacient to rupture those areas show- 
mg compensatory hypermflation Fi om our experiments we would say that such 
pressures were likely to prove dangeious 

Insufflation Anesthesia Because of the not mfiequent appearance of SE fol- 
lo-wing opeiations, it has been called “suigical emphysema” It appears to be 
much more common follo-viang those operations m which the anesthetic has been 
admmistered mtiatiacheally undei pressure than m those m which it has been 
given by the inhalation method, also to be common in operations for relief of ob- 
struction in the airway Sometimes the condition arises because atelectasis has 
occurred, either through aspiration of material, such as blood oi pus, during the 
operation, or tlirough loss of tonus of respiratory muscles durmg a piolonged sur- 
gical procedure Some of the cases result from too Ingh a piessuie of gas enter- 
mg the lungs, however, and it is dangerous to use such insufflation methods with- 
out carefully watching the pressures used Lilienthal’s case was one m which 
PM followed insufflation anesthesia at a pressure of 60 mm Hg accoidmg to 
Joannides and Tsoulos. 
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Interstitial air has been found following thyroidectomy, tonsillectomy and ab? 
dommal opeiations, especially on the ladney No attempt has been made to col- 
lect all these cases, for in the majority of them the same factors are operative, 
namelj^, general overmllation of the lungs by too great a pressure of gas bemg 
blown in oi hypere\pansion of some areas, when others are atelectatic, both con- 
ditions cieatmg a pressuie giadient from alveoli to vessel sheath 
Some modem treatises on anesthetics do not mention this condition as a pos- 
sible complication of administering anesthetics under pressure Two such 
modern works were available to us (133, 264), and in one this was not mentioned, 
m the other (133), it was stated (although not m the section on complications fol- 
lowing anesthetics) that theie isnot much danger of the pressure bemg too high if 
“reasonable” care is exercised, inasmuch as it has been shown that dog’s lungs 
would not ruptuie, even with the chest opened, until the piessure under which 
the gas avas bloivn in exceeded 120 mm Hg McKesson, avhose expeiiments 
served as the authority foi Hewei’s statement, said that the lung of the dog would 
not luptuie under the application of a piessure of 120 mm Hg McKesson prob- 
ably meant that the pleura would not rupture, for PIE can be produced m dogs at 
pressures of 80 mm Hg (256) The alveoli lupture at a pressure far less than 
tliat necessary to tear the pleura PIE can be pi oduced in cats and rabbits and 
also in man at much lower pressures From our experience, we would say that 
tlu^ IS a most dangerous pressure to use Most ai tides which give the pressure 
under wluch the anesthetic is blown m state that it is controlled at 25 mm Hg 
Cotton and Boothby recommend that it be no higher than 10 mm Hg In view 
of (1) the findings here reviewed, (2) the ease with which PIE can be produced 
by blowmg air m under pressure, and (3) the real thieat to the life of the patient 
when PIE and PM occur, the whole matter of the maximum pressure compatible 
with safety m the administration of anesthetics should be carefully reinvestigated, 
and the pressures rigoiously controlled It should also be remembered that a 
pressure which is safe perhaps at the begmmng of the anesthesia, when the se- 
cretions from the bronchi have not yet accumulated, or safe for a person i\ho is 
not suffenng from an infection of the an way, may be dangeious later on in the 
course of the operation, when the airway maybe blocked with secretion, aspirated 
blood, etc , or when the alveolar bases have been weakened by disease Pres- 
sures which are safe when the lung is supported by the unopened thorax may 
prove much too high if the thorax is opened It is doubtless the case that some 
of the postoperative deaths which were in reality caused by the PIE and PM aris- 
ing dunng the course of admimstenng the anesthetic, have been regarded as at- 
tnbutable to the surgical procedures rathci than to the compression of the pul- 
monary vessels by escaped air Also, this complication probably anses m some 
patients, but is mild and does not cause death In such cases it almost always 
goes undiagnosed 

Wlien patients, who have just had an operation, show an undue amount of 
dyspnoea and cyanosis, the presence of PIE and PM should be suspected, and 
steps taken either to verify or to rule out the presence of air m thq mediastinum 
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If air IS present, the administration of oxygen is not likely to be of much assist- 
ance, as the vessels are too compressed to peimit of much flow through the capd- 
lanes, and hence of absoi ption of oxygen Withdrawal of air from the mediasti- 
num will be of much greater benefit than the administration of oxygen. 

PIE and PM Following Operations Bariie lecorded postoperative PIE and 
PM after thyroidectomy in two cases, and aftei operation on the glottis m a thud. 

In the first case, the mtiatracheal anesthetic produced coughing and cyanosis, 
whereupon the anesthetic was administered by the open method Cyanosis 
deepened, the patient’s condition became steadily woise, and death occurred 
nme hours later At autopsy, SE, PM and PT were found, also air about the 
pericardium. 'The bronchi and trachea were filled with tenacious mucus 
When the lungs were filled with an while they were under water, no leakage was 
found except at the pulmonary ligament This was where the air was found 
escapmg in the cats whose lungs had undergone local oveimflation (188), also in 
calf’s lungs (196) 

The history of the second patient was much the same, ivith bilateral PT and 
with no detectable perforation of the trachea or pleuia, either visceral or parietal 
Again there were quantities of mucus m the bronchi The thud case developed 
bilateral PT and SE after a tracheotomy to reheve edema of the glottis. Inter- 
stitial air after a radical dissection of the neck occurred in Ackerman’s patient ‘ 

Keis collected seven cases, all fatal, of mediastinal emphysema following ' 
thyroidectomy Four of these had bilateral PT as well In two of the patients, 
PM was observed during the operation Waltman and Leach report another 
case of PIE and its sequelae followng thyroidectomy Keis was able to pi oduce 
PT m a corpse by mflatmg the mediastinum This is what would be expected. 

Hernandez’ patient died as a result of balloonmg of the mediastinum and the 
subcutaneous tissues after thoracoscopy We do not know the mechanism of PM 
production in this case, smce the article was not available Ehrhch (78) found 
retroperitoneal air m his patient, upon whom a kidney operation was performed, 
when he first opened the abdomen, showmg that it was not the operation, but the 
anesthetic under pressure which first caused the air to escape mto the mterstitial 
tissues When the operation is on the neck region, there is always the tendency 
to interpret the mterstitial air as bemg caused by a mck m the dome of the pleura, 
or laceration of the trachea Ehrhch though that there must have been an abra- 
sion of the pharynx or larynx m his patient, produced by the insertion of the tube 
foi givmg the intratracheal anesthetic, which caused the air to gather behind the 
peritoneum, smce the anesthesia pressure was always conti oiled at 25 mm Hg. 

SE developed m this patient about the face and neck latei Math6 and Faulk- 
ner’s patient was also one m whom the operation was on the kidney Because 
the prone position is the one usually assumed by the patient for operations on the 
kidney, anesthesia is mduced intratrach^ally, this being moie satisfactory from 
the standpomt of the anesthetist than by the inhalation method Therefore, 
PIE and PM would be expected moie often m opeiations upon the kidney than 
m those foi removal of the appendnx, for example 
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Two recent oases have been reported in which the true course of events was 
recognized Eisen’s patient, a child of four years of age, had an impacted com 
in the esophagus Ether was given by insufflation into the nasopharynx, where- 
upon air appeared in the subcutaneous tissues of the neck, in the thoracic cavity 
and m the i etroperitoneal spaces He explained these findmgs upon the basis of 
the results of the expenments outlined earlier in this paper Another patient de- 
veloped PT and SE folloiving an operation in which insufflation anesthesia was 
used (129) 

Tracheotomy is not infiequently followed by PIE Michels reported six cases m 
whom PIE, PM and PT developed In one of these patients, atelectasis with 
compensatory emphysema followed the aspiration of a screw After the screw 
was removed, the lung remflated, but the lower right lobe again became ate- 
lectatic, no doubt due to a bronchopneumoma Tracheotomy was performed, 
and the next day SE and PT were present The child recovered In this case, 
the aberrant air might have resulted from the first or secondattacks of atelectasis 
m the lung, or from the admmistration of the anesthetic for the tracheotomy 
The second patient had a congemtal stenosis of the larynx, with cough and 
dyspnoea, for which the tracheotomy provided little relief Bilateral PT de- 
veloped and the child died The bronchi xvere filled with exudate, both upper 
lobes were atelectatic, and both lower lobes showed hypermflation Here agam, 
the operation was probably not responsible, the PT bemg due to an mitial PIE 
caused either by local ovennflation of alveoli or by mcreased pressure m the lung 
generated by coughmg agamst a stenosed larynx, or by a combmation of the two 
The third child had had measles slx days before It became cyanosed, with 
labored breathing The tracheotomy afforded relief for but a short time, SE 
appeared and the cluld died five hours later Marked PM, bilateral PT and 
atelectatic areas m both lungs, accounted for by necrotic membranes fiUmg both 
trachea and bronchi, were found at autopsy The tracheotomy was probably 
not responsible for the PM m this child The atelectatic areas producmg com- 
pensatory hypermflation, together with the mcreased mtra-alveolar pressure m- 
duced by expirmg through the narrowed aurway are sufficient explanation for the 
PM and PT which occurred Clearmg of the bronclu by suction and removal of 
air from the mediastmum would perhaps have saved this child 
The other three cases had similar histones Two of them recovered and one 
died At autopsy, no air was found about the larynx or trachea, as would be 
expected had air been sucked m through the tracheotomy wound, but massive 
blebs were found over the heart and along the pulmonary vessels These cases 
of Michels should be regarded, not as examples of PIE oomphcatmg the opera- 
tion of tracheotomy, but as instances either of local ovennflation dependent upon 
local atelectasis resulting fi om exudates m the airw ay or fi om bronchopneumoma, 
or of mcreased mtra-alveolar pressure arismg through stiong expiratoiy efforts 
against the resistance of an obstructed airway They have been included in this 
section for the sake of the reader who may be trying to interpret PIE, PM, etc 
m cases of his own after tracheotomy 
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Forbes and Salmon report four patients with PM following tracheotomy The 
first child developed PM and bilateral PT five houis after the insertion of the 
tube for laryngeal diphtheiia The second child inhaled a grape fruit seed, and 
atelectasis of the left lung with compensatory overmflation of the right lung en- 
sued Tracheotomy was performed and bilateral tension PT followed The 
third child inhaled a chicken bone, PM developed as revealed by roentgenogram, 
and suction of air from the mediastinum was attempted but without success, ap- 
parently because the needle Avas not moved around to enter all the air pockets in 
the mediastinum The child died At autopsy, no air was found m the pleural 
cavities but much m the mediastmum In the fourth patient who developed 
bilateral PT, the air was removed fiom the pleural cavities and the child re- 
covered In this group of four, there was one death definitely due to malignant 
pneumomediastinum The other two deaths iveze directly due no doubt to the 
collapse of both lungs, but the PT was m turn the direct result of PM It is, 
therefore, not as harmless as some have surmised 

Sometimes the evidences of PIE occur before the tracheotomy is performed 
The patient of Neffson and BuUowa had mfluenza, developed bilateral PT before 
tracheotomy, and SE appeared after the operation Despite the removal of air 
from the pleural cavities which caused a temporary improvement, the child died 
Cook’s patient also had extensive SE before tracheotomy At the operation, the 
trachea was found to be flattened by the extreme pressure of air in the medias- 
tinum and tissues of the neck Despite the relief afforded by the operation, the 
child died, probably because the pulmonary vessels both m the lung and at the 
hilus were as flattened by air pressure as was the trachea 

Most authors look for two explanations for interstitial air in tracheotomy 
cases* (1) they seek for an explanation of the PM, PT and SE which occurs be- 
fore tracheotomy and another for the same conditions when they follow tracheot- 
omy, without realizmg that the essential factor causmg PM and PT may be and 
frequently is the same m both, and is the imtial condition which called for the 
operation Tracheotomy is merely mcidental, the cause of the rupture being in- 
creased mtra-al veolar pressure i esulting from the stenosed airway The explana- 
tion advanced for the presence of interstitial air before the operation may be the 
rupture of the sub-pleural bulla ivhich is assumed to be present, or the rupture of 
alveoli as given earlier m this paper Neffson (231) calls the latter the “mtrinsic” 
route and says that it is the mode of production of PM which occurs before 
tracheotomy. The “extrinsic” route (suckmg air m around the tracheotomy 
wound) IS thought by Neffson to be taken by air m those cases ivhich have been 
operated upon Work, also Goldberg and his associates, regard the extrinsic 
route as the one taken by air m their patients when they developed PM and PT 
af tei tracheotomy was done The latter authors feel that they have pi oved their 
point by the experiment m Avhich they “blew air” into the mediastinum along 
the cemcal fascial planes and produced PT It should be noted m this con- 
nection, that in the patient with a wound m the neck, air is not blmvn m, but is 
sucked m, until the pressure m the mediastmum, normally about 4 mm H 2 O less 
than atmosphenc (144), reaches the atmosphenc level Once it reaches that 
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point, it cannot go higher by being sucked in through the wound A pressure in 
the mediastinum, no higher than atmosphenc, might not be sufficient to cause its 
rupture into the pleural cavities The work of Ballon and Francis on rabbits 
suggests that on these animals pressures higher than atmosphenc are necessary 
to rupture the mediastmum to cause PT When air is hlovm in, as was done m 
Goldberg’s evpenments, it is of necessity blown m at pressures above atmosphenc, 
and it IS not to be wondered at that the mediastmum ruptured giving PT This 
finding IS quite m agreement ivith our experiments here recorded When the 
mediastmal pressure is raised sufficiently above normal, whether the pressure be 
caused by am commg into it by way of the pulmooaiy vascular sheaths, or by air 
blown into it from above, the mediastmum may rupture to produce PT Gold- 
berg’s expenments merely added confirmation to this known fact, but did not 
prove that the air m the mediastinum m his patients had come there via the 
tracheotomy wound It cannot possibly get there by such a route when the 
tracheotomy has not yet been performed 

Certam of Neffson’s observations are not m hne with his conclusions drawn 
from them, that the extrinsic route is always taken by air once the operation of 
tracheotomy is accomplished He says that with the mcreased use of the 
tracheotomy tube there has been a lowered mcidence of PT, the mcidence drop- 
pmg from 25 per cent m the unoperated cases to 8 per cent m the patients wth the 
operation If tracheotomy, per se, was the cause of PM and PT, the incidence of 
the latter should rise, pan passu, with that of the operation If on the other 
hand, the obstruction of the airway producing mcreased intra-alveolar tension is 
the pnmary cause of PM and PT, the mcreased use of tracheotomy (therefore 
the earlier relief of obstruction) should lower the mcidence of PM and PT The 
mcidence of the latter is lowered while the mcidence of the operation has nsen 
The inference is clear that the operation cannot be the cause of PM and PT in 
the majority of cases 

In further, although umntentional, support of this interpretation that it is the 
mcreased mtra-alveolar pressure caused by the obstruction rather than the opera- 
tion of tracheotomy that is responsible for PM and PT etc m most of these cases, 
IS Neffson’s statement that intubation, (which of course relieves the obstruction 
and lowers the mtra-alveolar pressure) before tracheotomy also reduces the in- 
cidence of PM and PT These complications followed m IS per cent of the 33 
cases without intubation, and m but 12 per cent of the 93 eases with mtubation 

Neffson states that PT occuns in 60 per cent of cases after tracheotomy and 
feels that there must be a causal relationship In his own senes of 126 cases it 
occurred m but 17 or 13 5 per cent (230) This may be due to earlier operative 
procedures in his senes, thus inhibiting the appearance of PIE The incidence 
of PT and PM would be muchmore nearly 100 per cent in cases needmg tracheot- 
omy, were the operation not performed We point out hero that the cases with 
severe obstruction to the airway, hence the cases on whom tracheotomy is done 
are the very ones m whom PIE. PM, PT are lilcely to occur The reason for 
their appearance after the operation rather than before is sometimes to be found 
m the delay which occurs after the initial rupture and the recognition of the symp- 
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toms of mterstitial air The patient is having marked difficulty in breathing, 
rupture of alveoli takes place, the compression of the pulmonary vessels by air m- 
cieases the respiratory distress, the physician decides to relieve the respiratoiy 
distiess by insertion of a tracheotomy tube, and does so, but m the meantime air 
has been makmg its way toward the hilus of the lung and into the mediastinum 
Dependmg upon the time at which the opeiation was done and whethei the 
operation pi ovided complete rehef, PM and PT may or may not occur If the 
operation is perfoimed quite early and if it affoids complete relief, PIE, etc, may 
not have had time to occur before the opeiation and the factois causing it to oc- 
cur are now done away with If it has had time to occur, the leak will probably 
stop with the institution of an open an way, but the air alieady in the interstitium 
will be moved along towards the hilus Dependmg on its amount, it may or may 
not be sufficient to cause symptoms If the opeiation is done early, but does not 
afford complete relief because the tube becomes blocked with secretions, oi the 
swelling of the trachea and bronchi below the level of the tube continues to oc- 
clude the an way, PIE may not occur until after the tracheotomy has been per- 
formed, but it IS not because air is sucked m thiough the wound that PM de- 
velops, but because the opeiation does not accomplish its purpose and the excess 
mtia-alveolar piessure still contmues and causes alveoli to rupture and air to 
travel along vascular sheaths to the mediastinum If the operation is done late, 
although it affords complete relief, PIE is likely to have occuri ed In such a case, 
the aberrant air may be recogmzed by its symptoms befoie the operation is done, 
or, if the amount of escaped an was small, it may not reach the mediastmum and 
elicit symptoms untd after the opei ation has been performed In the lattei case, 
the operation will be blamed for the PM If the unfortunate combmation of 
late: operation and incomplete relief occurs, then air which may have escaped be- 
fore the opeiation, contmues to escape through the leakmg alveolar bases after 
operation, and PM, PT, SE, etc may all develop and the child may die 
We have gone mto this discussion at some length, for it is difficult for those who 
have not visuahzed thoroughly the mechanism of alveolar rupture and its causes, 
to see that this mdirect, obscuie route may be taken, rather than the supposed 
route through the tracheotomy wound We do not say that air cannot be so 
sucked m, and in some cases it defimtely enters by that route, as shown by the 
suckmg noise on inspii ation, but point out that the same mechamsm which 
caused interstitial air when there was no operation on the neck, may have started 
an identical tram of events befoie the opeiation, although not becommg obvious 
until some time later Or it may start these events after the operation, if the 
obstruction is not completely relieved. Although the extimsic loute may be 
followed m cases of tracheotomy and dissections of the neck, (and in such cases 
there vuU be PM, but no evidences of PIE) the air may equally well follow the 
mtrmsic route Neffson’s observation that tracheotomy lowers the mcidence of 
PM would mdicate that the mtnnsic route is probably the commonei of the two 
Tonsillectomy We do not know who first explamed the PIE, PM, etc , foUow- 
mg tonsiUectomy as due to the foUowmg causes, but these reasons for the em- 
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physema have been repeated from author to author with apparent amazing lack of 
cntical thinking It has been suggested that the SE of the neck and face in these 
cases may be due to (1) air entering the tonsillar bed after the operation, (2) air 
or anesthetic bemg forced into the parotid duct from the tip of the anesthetic 
hook, (3) ruptured vesicle under the pleura, folloived by dissection of air under 
the pleura around to the hilus, thence to the mediastinum, etc Parish recorded 
the onset of SE m his patient ten nunutes after the operation He does not men- 
tion the mode of adrmnistenng the anesthetic The case may have been one of 
local ovennflation following atelectasis through aspirated material, but the rapid 
onset of the emphysema would suggest the anesthetic as the cause 

In Rosenheim’s patient the^ SE was noted eighteen hours after the operation, so 
that atelectasis and overmflation may have been operative here Rubenstein’s 
patient developed emphysema within thuty mmutes of the operation He 
coughed violently and continuously after the operation, so that the ovennflation 
may have been geneial, caused by the violent evpiiatory efforts of coughmg 
This autlior put forward the three explanations advanced above as to the origm 
of the aberrant air 

In the first case of Richards, the emphysema did not appear until the morning 
f olloiving the tonsillectomy, and Richards invoked the subpleural vesicle and sub- 
pleural route of air to the hilus as the explanation m this case The second 
patient had a unilateral emphysema, and Richards felt that here the air was 
sucked in through the tonsillar fossa Von Hofe’s patients also exhibited uni- 
lateral emphysema He stated that the anesthetic was administered by the open 
cone method in the first stage, but after that by the pump method, with the hook- 


shaped metal tip of the anesthetic tube suspended from the right side of the 
mouth If the anesthetic was blown in under pressure, and if secretions of the 
trachea occluded the lumen, the anesthetic may have been blown past the plug, 
which prevented escape of air Too high prcssuie could then certainly have pro- 
duced the symptoms Del Chicca felt that the ether tip m the mouth might have 
been forced against the parotid duct, thus blowing gas back into the gland Keen 
criticized the idea that air could be sucked in through the empty tonsil bed or 
forced into the parotid duct, and felt that overdistended alveoli ruptured He 
made the mistake of thinking that it was along the bronclu rather than along the 
blood vessels that air travelled to the mediastinum 


Dickson, MacCready, and Judge have aU reported SE folloivmg tonsillectomy 
MacCroady explained the SE m lus two patients as ansuig through increased 
mtrathoracic pressure in the patient in whom there were tremendous spasms of 
couglung, and in the other through obstruction, smee the patient was attemptmg 
to breathe with the teeth tightly clenched ^ ® 

All of these cases were probably e\ample3 of PIE, PiAI SE nfn a u 

cither (1) local or general ovennflation arising SouS’ com« n "" 
nisms, set into operation bj atelectatic areas, or b/bSkerCf A”® 

thesia adnunistration, or (2) raised mtra alvelr nf 

coughing vcolar pressure accompanying 
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B Involving F actor B Cases in which a Pressui e Gradient is Produced 

Reduction of Caliber of Blood Vessels 

It was stated that the essential factoi m PIE is a pressure gradient between air 
in the alveolus and the connective tissue underneath, leading to a rupture of the 
confining base of the alveolus If an is to flow toward the mediastinum, the leak 
must contmue, and the air must be pushed along by respiratory movements 
The fiist method of pioducmg this gradient (Factor A), namely, by enlarging the 
bases of the alveoli about the blood vessels thi ough hyperinflation, has already 
been discussed We shall now consider the second method of pioducmg this 
gradient (Factor B), namely, by reducmg the caliber of the pulmonary blood 
vessels through decrease m blood flow This could be accomplished (1) by a 
lessened return of the venous blood to the right heait, (2) by a failmg heart 
which could not send out the normal amount of blood to the lungs, (3) by 
stenosis or insufficiency of the pulmonaiy artery valves, or (4) by an obstruction 
in the pulmonary arteries as in the case of pulmonary embolism In most in- 
stances, m which there is a lessened return of blood to the right heart, there is an 
associated factor of increased intrapulmonary pressure, so that two factors are 
eooperatmg to produce rupture of alveolar bases When PIE occurs in relation 
to failing light heait, the reduction m vessel cahber is usually associated with 
hyperinflation Thus Factor B opeiates fiequently m conjunction with Factor 
A or with mcreased intrapulmonary pressure, or with both 

1 Uncomplicated Cases. Pulmonary Embolism We have not seen the 
presence of PIE, PM or PT recorded as accompanying disease of the pulmonary 
valves, although theoretically they might be expected One patient developed 
PT following pulmonary embohsm (60), and this would seem to be a case m which 
Factor B was the prmcipal explanation 

2. COMBIICED WITH INCREASED INTRAPULMONARY PRESSURE HoW CaH 
lessened venous return to the nght heart be obtained in these patients who de- 
velop PIE, etc ? It IS accomplished by making a forced expiration when the 
glottis IS partly or completely closed, or by expiration when the bronchi are 
stenosed or blocked by tenacious mucus 

As m all expiration, the flow of blood towards the thoiax from the abdominal 
and cervical veins is inhibited to a certam extent, so that the right auricle, and 
consequently the right ventricle and the pulmonary ciiculation, receive less 
blood. This means that the cahber of the pulmonary arteries and veins during 
the expiratory phase is reduced In addition, the pressui e m the alveoli rises be- 
cause the expiratory efforts are made against a closed outlet 

Blood IS dammed back from the thorax, causing congestion of the neck and 
face, particularly in persons who aie coughmg or straimng violently As the 
heart continues to beat throughout this period, although httle blood is being 
brought to it, the pulmonary vessels become still further reduced in cahber, and 
the sheath is put under increasing stram, between an ever-narrowing inner circle 
and a stationary outer circle . This causes a reduction of pressure m it, while 
agamst it he the alveoh under pressure much above atmospheric The alveoh . 
rupture, and as theie^is a pressure gradient, air flows along the vascular sheaths 
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Here n gnm conditions are such as not to favor rupture into the bronchial sheath 
Although the alveoli abutting upon the bronchi are under increased pressure, so 
IS the bronchus which is sharing in the pressure generated by the contracting 
chest wall on air which cannot escape through the closed glottis Therefore the 
peribronchial sheaths are not subjected to a pressure gradient as are the vascular ' 
sheaths Although we have not found that PIE without its accompaniments has 
been described m patients makmg strong expiratory efforts with a closed glottis, 
we found cases in which the PM and PT were probably sequels of imtial PIE 
At this point we would like to make one thing veiy clear We have said 
that entrance of air into the vascular sheaths compresses the pulmonary vessels, 
we have also said that the decrease in size of the pulmonary vessels may be a factor 
m causing air to enter the vascular sheaths It may be objected that we cannot 
have the same factor as both cause and effect Dimmution m size of vessels can- 
not be caused by and al the same time cause entrance of air mto the sheath This 
IS quite true, of course But it is equally true that ai different times and under 
different arcumstances entrance of air mto the sheath may compress the vessels 
or the entrance may be caused by a dimmution m the size of the vessels coupled 
■with mcreased alveolar pressure If the pressure gradient is caused by hyper- 
mflation of alveoli (Factor A), air enters the vascular sheath, and the vessel is 
compressed secondarily (Figures 2 and 3) If the pressure gradient is caused by a 
combmation of (1) diminished blood flow through the lungs (Factor B) and (2) 
increased alveolar pressure through forced expiration with glottis closed, the ves- 
sel size IS lessened first, and air enters secondarily When the glottis is opened 
and normal inspiration is agam m effect, the air m the sheath serves to keep the 
vessels compressed 

One might inquire why it is that PIE doesnot occur m all cases of violent cough, 
childbirth, asthma or strenuous exercise, etc It probably occurs much more 
frequently than we realize, although it does not grow to clmically recognizable 
proportions unless the pneumatization of the pulmonic connective tissue is 
marked Thus, although the woman is straimng during partuntion, the strain is 
not constant, and when birth is over the factor inducing a pressure gradient is 
ended, and with it ends the leak, if one has occurred Hence only in extremely 
prolonged labor or unduly vigorous expulsive efforts would the am leakage be 
sufficient to get mto or even beyond the mediastmum and produce recognizable 
symptoms There may be also a constitutional factor which explains the occur- 
rence of PIE in some cases and not m others Not until we know a great deal 
more about the incidence of PIE will wo be able to say whether it is a rare ac- 
companiment of these cases 

Partuntion In childbirth the stage is set for the production of PIE and its 
successors Forced expiration with the glottis closed mcreases'the mtrapul- 
monary pressure so that the alveoh may rupture Leading texts on obstetrics 
which were consulted did not mention this aberrant air as a complication of 
partuntion, but a search of the literature showed that such cases have been re- 
ported, at least as fai back as 1876 (243) Gordon had collected 130 cases in 
1927, and Nussbaum in 1937 had collected another 12 and reported an additional 
case He stated that the etiology is unknown 



316 AIADGE THURLOW MACKXIN AND CHARLES C MACKLIN 

Although the number of recorded cases was only 143 in 1937, that by no means 
repiesents the mcidence of the condition Phillips (254) had not had a single 
case m 3000 dehvenes but m the next 3650 dehveiies it occuried five times an 
mcidence of 1 m 1110 cases 

The reason for the apparent raiity of PM alone or accompamed by SE during 
parturition may he (1) m the fact that PM is less common m the female than in 




Fig 3 In figure 1 are shown the initial steps in the break-through of air into the vascular 
sheaths This figure shows the end result of break-through of air from overdistended 
alveoli (Factor A) When air invades the sheath in suflBcient quantity it compresses the 
vessel, so that the lumen is much smaller The upper part of the figure shows a normal 
pulmonary vessel with its surrounding nng of alveoli, A L is the lumen The lower part 
of the figure shows the lumen compressed, Li, the distended alveoh, Ai and the numerous 
bubbles of air — b,b, which have compressed the vessel This diminution of size in vessel 
cahber is here a secondary effect of the invasion of air, and not the cause of the air invasion 
which happens when Factor B is operative The result, however, is comparable to that 
caused by a simultaneous operation of Factors A and B, as m Figure IE For discussion see 
te\t 

the male, or (2) m the assumption that it is found less , often than it occurs be- 
cause the obstetiicians have not been tiamed to look for it, and are focussing most 
of then attention elsewhere m their patient’s anatomy Only when the lesion is 
extreme enough to cause distiess on the part of the patient is it hkely to be noted 
by the doctor If the obstetncian is taught that PIE, PM, SE or even PT with 
grave respiratory and circulatoiy distress might occur from too vigoious expul- 
sive efforts on the part of the patient, not only iviU he be more hable to recogmze 
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these conditions when they occur, but he may be able to warn against too much 
beaiing down, and so forestall them 

Plulhps (25-1) feels that the explanation lies m a congemtal weakness of the 
tracheal or bronchial walls ivliich he supposes may break down under the straining, 
allowing air to leak into the mediastinum Other explanations which have been 
advanced aie (1) rupture of the traditional emphysematous bleb (282) to explain 
FT, or even a ruptured laonmal bone durmg labor (253) to explam SE over the 
face, although how a lacnmal bone could be ruptured durmg labor is not clear 
The prognosis m these cases is said to be invariably good (264), although two 
deatlis have been reported fiom this cause m partunent women (158) The 
reason for the good prognosis is obvious The mcreased mtra-alveolar pressure 
IS a temporary one, with the cessation of the expulsive efforts m the second stage 
of labor, the excess pressure and the leak come to an end It is only when the 
second stage is very prolonged, giving opportumty for accumulation of enough 
air to cause symptoms, that the condition may become serious Lateral roent- 
genograms of the chest should be taken of women who show signs of marked 
respiratory distress foUowmg childbirth, to detenmne whether there is air m the 
mediastinum or pleural cavity SE m such women seems to be the most fre- 
quently recorded comphcation (37, 56, 67, 90, 111, 137, 158, 202, 211, 216, 233, 
242, 289, 296) 

Violent Straining Not only m women m childbuth, but in other persons who 
are making strong expiratory efforts with the glottis partly or completely closed, 
are the effects of PIE to be sought Young reported two cases m the same 
family in which FT resulted after violent straining at stool The mechanism is 
undoubtedly the same as that which takes place m parturition One may 
postulate a subpleural bleb m these cases, but ruptured alveoli and PIE are much 
more likely to be the explanation The patient of Emerson and Beeler died as a 
result of straining m the act of defecation, although the primary FT had been 
caused by the forcible expirations of asthma Kahn’s (149) patient developed 
air in the pleural cavity from liftmg an 80 pound sack of beans He had been an 
asthmatic for years Walmder’s patient developed bilateral FT after liftmg a 
heavy carcass weighing 90 pounds In another patient (212) m whom SE ap- 
peared, the course of events is not clear A male aged 62 had pain m the abdo- 
men with vomiting The next day emphysema of the neck was noted When he 
was straining to evacuate an enema, the swelling m the neck suddenly became 
much worse The abdomen had become very swollen following the cramplilm 
pain At operation, laige amounts of air escaped from the peritoneal cavity and 
a perforated duodenal ulcer was found The patient died, and no autopsy was 
allow ed For six weeks before death this man had suffered from a severe cold 
with purulent sputum The initial PM may hax e been produced by atelectasis 
of part of the lung, or by coughmg to expel the sputum, or by escape of air from 
the ulcer, the sudden increase m the amount of air was due to straining to get nd 
of the enema these authois (212) review' the literature on subcutaneous em- 
p lysema following perforation of the gastro intestinal tract which is a rire, but 
recognized, comphcation of such perforation They pomt out that the route 
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which the air takes is obscure m such cases. In Groth’s patient, subcutaneous 
au- vesicles, arising from excessive straining to clear the throat, became so large 
in the neck that they occluded the cavity of the pharynx, and had to be mcised to 
permit of respiration. 

Whoo'pmg Cough, or any Violent Cough The forced expiratory efforts of 
whooping cough may obstruct the leturn of the venous flow as well as raise the 
intiapulmonaiy pressuie If the pressure gradient is sufficient, alveolar base 
rupture may occur SE was found in such a series but once m 1200 cases (333), 
but the frequency of PIE was probably much greatei, most of the cases not going 
on to the manifestation of SE A severe coughing attack, no matter what its 
cause, may produce PIE and its sequelae, as in Caldwell’s also in Watkm’s 
patients 

Asthma In 1938, the Eosenbergs collected eighteen cases, mcluding then- 
own, of SE (and, of course, PM also) following asthmatic attacks Two others, 
not mentioned by them, have been lecorded. Faulkner and Wagner’s case 
proved fatal, and the patient of Elliott would probably have died had not in- 
cisions been made over the skin of the chest to allow air to escape. Kiisner ex- 
plamed the presence of SE as follows “The rupture of an emphysematous bleb 
or of a cavity apparently permits air to extend through the mteistitial tissue of 
the lung into the loose cellular tissue of the mediastinum, and from theie into the 
subcutaneous tissues of the neck and face, etc.” As has been shown (188), SE 
occurs m cases m which theie are no emphysematous blebs, and is due to rupture 
of alveoli about the pulmonary vessel sheaths Sheldon described SE in an 
asthmatic patient, and explamed it by saying that theie was a congemtal weak- 
ness of the pleura, so that subpleural alveoli ruptuied, and air dissected its way to 
the mediastmum via the bronchi and blood vessels We affirm that alveoli 
situated anywhere m the lung, not necessarily under the pleura, may rupture. 

Other authors have reported asthma complicated by SE (41, 61, 69, 150, 182, 
240, 280, 302, 310, 318, 323) The PM which must precede the SE was looked 
for and found in Dietrich’s patient. Skinner tried to interpret the SE in his 
patient as having been caused by air which had ruptured from the mediastmum 
directly into the tissues of the chest, statmg that air could not possibly have made 
its way from the mediastinum through the jugulum mto the neck as the anatomi- 
cal arrangement of fascia at the jugulum makes this impossible, according to him 
He felt4hat air could not dissect its way along the vessel sheaths, although this 
is the route which we have found it to take 

PT is not mentioned m medical texts as a complication of asthma, but we felt 
that PT was to be expected sometimes in asthmatics, because of the method of its 
production Therefoi e we looked for such reports, and found them We men- 
tion only a few of these Blanco and Pastoimo reported cases of PT and SE m 
asthmatic patients The patient of Castex (44) had unilateral PT and that of de 
Carvalho had had bilateral PT Elliott’s patient is of mterest because the air in 
the pleural cavity was under no tension, while that in the subcutaneous tissues of 
the chest was imder such pressure as to threaten the life of the skm above it. 
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Removal of air fiom the chest gave no relief, while incisions mto the skin of the 
chest gave spectacular relief This difference m pressures in the two locations 
might lead one to suspect that two meehamsms were at work producmg air / 
Tlus IS not a necessary assumption, because air escaping into the pleural cavity 
could expand by further compressing the lung, thus preventing a rising pressure 
Air m the subcutaneous tissues could only expand to the limit of elasticity of 
these tissues, and any further mcrements of air iv ould cause an increasing tension 
A very recent case of asthma (91) has been reported m which spontaneous PT, 
.massive collapse and SE all appeared as complications m a child of four 

Craige reported seven fatal cases of asthma He spoke of all of them as having 
volummous lungs, bulgmg out over the mediastmum Five patients had a ter- 
mmal dyspnoea and four a marked cyanosis These lungs were not only volumi- 
nous owing to loss of elastic tissue, but they actually expanded after removal of 
the sternum, showing that the air in them was under pressure Was this air 
trapped in alveoli and small bronchioles behind larger bronchioles and bronchi 
whose lumens were occluded by exudate or by muscle contraction? Or was it 
trapped m connective tissue septa and about blood vessels from which it could not 
escape? Many of the reports of such patients stated that they had responded to 
epmephrme before, but in the termmal attack it did no good This fact may in- 
dicate that dilatation of air passages was no longer efficacious for liberation of air 
because the air was no longer trapped m the airway, but m the mterstitial tissues 
from which it could not escape 

Not all lungs of persons dying m an asthmatic attack balloon out 'over the 
mediastmum, m fact, in some patients they collapse when the chest is opened 
(162) 

In some asthmatic patients, however, the lungs do bulge out of the chest when 
it IS opened (35, 55, 136, 260, 303) PIE may not explam this increased lung 
volume If PIE is present, fixation of the lung by mtratracheal mjection as 
speedily as possible after death ivill be more likely to reveal it than will the ordi- 
nary methods of fixation Not all asthmatics wll have PIE or its sequels, but 
the increased mtra-alveolar pressure which is present m asthma is often conducive 
to the formation of PIE ' 

One might mqmre why PIE and its accompaniments are not encountered m all 
patients with severe astlima, since it seems probable that the factor of increased 
pressure occurs m them durmg expiration It is possible that m addition to the 
factor of increased pressure a congenital weakness of the alveolar walls must exist 
before PIE arises Again, PIE may occur only when atelectasis with compensa- 
tory hy permflation is present as well as increased pressure In the cluld reported 
by the Rosenbergs there i\as undue density indicating atelectasis m one part of 
the lung, with rarefaction indicating hypermflation in another The X-ray pic- 
ture of this patient showed air m the mediastinum and over the heart 
Prolonged expu-ation with consequent dmunution m the caliber of the pul- 
monary vessels (Factor B), ivith mcreased tension m the surrounding alveoli, is 
pro ably the initial factor m the production of the pressure gradient in the v^el 
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sheaths which leads to PIE in astlima, we do not know whether these other factors 
]ust mentioned must also be piesent before the alveolai base finally ruptures m 
these patients 

The patient lepoi ted by Emeison and Beeler died appaiently not of asthma but 
of PIE and its sequelae She had had asthma for yeais, and giew piogiessively 
worse, developmg a partial PT, which increased her dyspnoea and cyanosis 
Finally, while strainmg to defecate, hei dyspnoea and cyanosis inci eased 
maikedly and she died withm twenty mmutes The autopsy disclosed a bilat- 
eral PT The asthma had produced the first PT, but violent straining had 
brought about the fatal rupture Asthma was certamly the precipitating cause 
but not the immediate explanation of death 

Cardiospasm Another example m which forcible expn ation with closed glottis 
resulted m increased mtiapulmonary pressure until PT was produced was re- 
ported by Wood and Vmson This patient suffered from cardiospasm, and he was 
accustomed to fill the oesophagus with food, take a deep breath, close the glottis, 
and make forcible expuatoiy efforts The mcreased mtrathoracic pressure 
caused the food to pass by the stenosed cardiac sphincter , but on one occasion this 
trick caused PT, probably through a primary PIE Although this patient had 
tuberculosis the evidence was that the disease was healed, and therefore it could 
scarcely have caused the PT 

Blowing against Obstruction (178) Blowmg of wmd instruments and blowing 
against resistance, as when a child blows pellets out of a small tube (308) will 
cause SE 

In all cases reported m this group, there was increased mtrathoracic pressure 
caused by forcible expuation, with the exit for air not wholly free Polak and 
Adams in experiments to be recounted later, decided that in their animals it was 
not the mci eased pressure that was at fault Rupture could be prevented even 
with mcreased pressure m the alveoh, provided that expansion of the thorax was 
prevented In these cases of asthma, women m labor, cough, etc the thorax was 
not expanded beyond the depth of inspiration which preceded the expiratory 
effort In these cases, however, mcreased pressure was accompanied by decreased 
caliber of blood vessels during prolonged expiration It may be that increased 
piessme, if coupled with Factor B, can cause rupture, even though hypeimflation 
be absent 

3 Combined with Hyperinflation Instances occur m which there is an 
apparent diminution in the caliber of the blood vessels, accompamed by over- 
inflation, thus intensifymg the stimulus to rupture Patients m whom the in- 
spiratory efforts were marked, and m whom the heart was failmg to keep pace 
with the needs of the body would combme these two factors, A and B Athletes 
who ^develop PM or PT aftei strenuous games would come in this category 

Interstitial Emphysema after Intense Exertion An m unusual places may oc- 
cur during or aftei mtense exertion PT is perhaps the most commonly recog- 
mzed example of aberrant air in such cases, although PM has been discovered 
under similar circumstances (276) We would suggest that perhaps the “stitch 
in the side” which arises m persons not in good physical condition, when, for m- , 
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stance, they run for a bus, is an example of localized PIE The pain is quite 
sudden, and severe enough to make the person cease ruimmg It has been 
thought to be due to muscle spasm, more recently by Capps to anoxemia of the 
diaphragm A logical interpi etation is that the depth of respiration is gieatly in- 
creased under the exigencies of lunmng, and that the heart, not bemg m tiaimng, 
does not keep pace with the respiration in purapmg blood into the pulmonary 
system Thus the outer circle expands as m inspiration, but the innei circle of 
the blood vessel does not increase coriespondingly, so that the sheath is put under 
tension', and the alveoli ruptuie Air makes its wax along the blood vessels, and 
a sharp pam results, sufficiently severe to make the individual stop lunning, in- 
voluntarily restiict the depth of respiration and press his hand to his side Both 
of the last actions aid m preventmg the further stretching of the alveoli, and 
hence tend to make the relationships between the size of the alveolar-base circle 
and the circle of the blood vessel more nearly correspond to the normal We 
have no proof of this, but feel that here x\e may have tiue PIE in pure, re- 
stncted form 

Two cases of PM are reported by Scott Both w ere young athletes One lad 
of 16, desirmg to compete in a school race the following iveek had just completed 
a half mile run, when he eoughed once, fell doivn and instantly experienced a 
curious sensation m Ins chest After resting a while he was able to go home un- 
aided, vhere he at once went to bed He could not sleep, and suddenly in the 
very early morning sat up m bed in gieat distress, unable to speak When Scott 
first saw him a little later, he was in acute distress, with intense pain in the chest 
and radiating down each arm The pulse was rapid, (130) small and weak 
Bespu-ations xvere either suspended or very shallow He presented a typical pic- 
ture of angma pectoris, but because of his age and the story of the attack follow- 
ing exertion, PT xvas considered as the probable diagnosis No evidence of this 
was obtained, but when a roentgenogram w'as taken, PM was demonstrated 
He had several more attacks of sudden angmal pain, and in one of these his blood 
pressure tell from 120 to 85 mm The air remained localized in the posteiior 
mediastmum in this boy, pressing on the aoita, thus explainmg the anginal pains 
The anginal syndrome in spontaneous PT has been recorded in sever il cases (18, 
29, 238) The pam arises, doubtless, from pressure of large bubbles of an on the 
vessels of the lungs and mediastmum (193, 195) particulaily on the aorta (276) 

The second case was a young man of 20 who collapsed at the end of a 100 mile 
cycle race with severe pam behmd the sternum X-rays revealed PM Scott 
calls this syndiome “acute spontaneous pneumomediastinum” following the 
nomenclature in spontaneous benign pneumothorax, but states that he omits the 
word benign, “because the benignity of pneumomediastinum is at least doubt- 
ful” He cites Lord’s experience of havmg three patients die from emphysema of 
the mediastinum after this complication had developed during the induction of 
artificial PT 

Not only PM, but spontaneous PT also, may occur m athletes undei circum- 
stances similar to those m Scott’s cases (166, 178, 213, 331) 

riiero IS little doubt that the PM m Scott’s patients arose fi om an imtial PIE 
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Such cases "would seeui to be relatively rare in athletes What is the explanation 
■when it does occur> There must have been a general hyperexpansion (Factor 
A). Since this happens in all cases of extreme exertion, -what additional cir- 
cumstances might have been present to mduce alveolar base rupture? Three 
explanations may be advanced 

(1) Factor B may have been present m these cases The inspiration had prob- 
ably been maximal duimg the racmg, and the heart had piobably begun to fail, 
as evidenced by the collapse in each case immediately at the end of the race. The 
alveolar bases "were stretched to their maximum about the vessel sheaths, and 
when the heart began to fad, the blood in the vessels was not sufficient to keep the 
inner circle of vessel lumen expanded con espondmgly A pi essui e gradient arose 
m the sheath, and the stretched alveolar bases broke Air leaked mto the sheath, 
and the bubbles served to keep the pulmonary vessels compressed, with resultmg 
inadequate aeration of blood The mounting CO 2 tension stimidated the 
respiratory center to even greater efforts, and the gaspmg breathing would drive 
stdl more an into the sheaths, and move along what was present toward the med- 
iastinum In the first patient of Scott’s, the exertion was not so prolonged, and 
'■ the curious sensation m the chest at the end of the race may have been the mitial 
rupture to pi oduce PIE In the mterval of time between this and the awakening 
m the early morning with intense retrosternal pain the air was probably makmg 
its way to the mediastinum and accumulatmg there in sufficient quantity to 
cause the angmal pams In the second case, the exertion had been so prolonged 
that the air had broken through and reached the mediastmum by the time the 
end of the race was reached, so that the marked retrosternal pain, and PM 
demonstrated by X-ray, were present immediately upon the final collapse 
' Scott noted a small thready pulse in the first boy, "with rapid rate, which would 

mdicate that theie was little blood getting to the left heart to be sent out over the 
body The laiity of PM m athletes might be attnbutable to the fact that most 
of them go through periods of trammg in preparation for the final event and that 
this gradual tiaimng accustoms the heart to keep pace with alveolar expansion, 
so that the blood volume m the lungs keeps the inner cii cle of the sheath expanded, 
thus protecting the alveolar bases through prevention of a pressure gradient 

The two other explanations which might account for the rare instance of -PM 
or PT in athletes, are (2) atelectasis in some parts of the limgs permittmg of ex- 
cessive hypermflation m others, or (3) weakened alveolar biases There may be 
a combmation of these three factors. 

PIE, PM and PT without Previous Exertion When the modus operandi of 
alveolar base rupture causmg PIE and its sequelae is understood, it is not difficult 
to see how, occasionally, violent muscular exertion, predisposes to PIE. But 
what IS the mechanism which produces PIE when there is relatively slight exer- 
tion as in wallang leisurely, 01 standmg, or sittmg down? How we can explain 
the PT which occurs duimg sleep or just after awakenmg? The statement is 
made that spontaneous PT is usually found without any history of violent effort 
or stiam (74) We -will cite but a few of these cases The histones state, e g , 
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that a healthy man developed either PM or PT when stepping from a tram (77), 
or i\hen walking onto a tennis court to enter into a game (77), while taking a 
shower (77), while writing on a blackboard (113), while drivmg a car (123, 178), 
while walking at an ordinai'y pace (113), while studying (113), etc An exciting 
cause or causes were probably existent, but were not discovered Even if the 
patient had given a suggestive history, e g , of a respiratory infection, cough, or 
undue exertion, the physician might not have included such a statement m the 
clinical history, because he might have regarded it as of no sigmficance As 
physicians become aw are of the numerous conditions w hich may precipitate PIE, 
they will inquire with more insight into the lustory of their patients for mdica- 
tions of predisposing factors, and the number of cases of PM and PT which are 
seemingly inexplicable will, we feel, be correspondingly decreased Three ex- 
planations of these lutherto mystenous cases of spontaneous PT which are not 
due to ruptured blebs oi abscesses, to torn adhesions, to injured visceral pleura or 
to penetration of the chest wall, occur to us These are (1) sudden respiiatory 
effort, (2) lapse of time between exciting cause and appearance of symptoms of 
PT, and (3) depressed thoracic muscle tone 

(1) Sudden Respiratory Effort Webei (319) stated that 200 cases, of spon- 
taneous PT had been recorded in apparently healthy persons without any obvious 
exciting cause being noted beyond sudden respiratory effort In many cases, the 
reports do not even mention this cause, and it may not have been present 

(2) Lapse of Time between Exciting Cause and Appearance of Symptoms of 
PT If alveolar base rupture has occurred m a relatively small area, so that air 
leaks through slowly, it may be a matter of hours before the air makes its way 
along the vascular sheaths of the lung, and accumulates in sufficient quantity 
m the mediastinum to pioduce symptoms of pneumomediastinum, or to erupt in- 
to the pleural cavity to produce pneumothorax The patient may not identify 
his symptoms of pain with an exertion or cough, etc , which preceded the onset of 
symptoms by some hours, and may therefore state that there was no exciting 
cause When it is understood that there may be a lapse of time between tlie excit- 
ing cause and the appearance of symptoms of PM or PT, as m Scott’s first patient, 
the physician will inquire into the events of the 24 hours precedmg the onset of 
symptoms with more care, and will often find in them the explanation of the 
patient’s condition Thus a strenuous rugby or tennis game m the afternoon, or 
a race, or a w orkout m the gymnasium may cause the initial break-tlirough in the 
alveolar bases, and the air may gradually make its way to the mediastmum 
The final mediastinal rupture may take place after the person is m bed asleep 
Long and Bray reported several cases m which some hours had elapsed after the 
severe exertion before the PI occurred 

If a bleb ruptures, one would expect the onset of PT earlier than with alveolar 
base rupture The bleb is on the visceral pleura, so that with its break, air at 
once escapes into the pleural cavity True, the break may be small, so that the 
air accumulates m the pleural cavity slowly , but such a break is moi o likely to bo 
of a size permittmg of rapid escape than is the break m the alveolar bases More- 
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over, the air reaches the pleural cavity directly in the event of a ruptuied bleb 

and does not have to take such a circuitous route through the pulmonary and 
mediastmal tissues 

(3) Depiessed Thoracic Muscle Tone The PM or PT which occurs during 
sleep may be explamed by the second factor just mentioned, but there is another 
possible explanation in such cases Henderson states that'in cases of deep relaxa- 
tion, (such as might occur in sleep) thoracic muscle tone is depressed As muscle 
activity decreases, the oxygen requiiement, and therefore the CO 2 output is also 
decreased With less CO 2 bemg geneiated, there is less stimulus to the respira- 
tory center, which is depressed This we know to be the case, because of the 
slower breathing durmg sleep 

Henderson says that this depression of the respiratory center leads to further 
loss of tone of the respnatory muscles. K one is lying on one’s side, the lower 
lung tends to become atelectatic because of loss of muscle tone, and resultant inter- 
ference with respiratory movement If such underinflation were mcompletely 
compensated for by decrease in chest wall movement, and if it mvoked a com- 
pensatoiy hyperinflation m the other lung, alveolar base rupture might occur 
Such an event must be rare, because sleep occupies about a thud of a, person’s 
lifetime, and very few persons experience PT durmg or just after arousmg from 
sleep Should such a bieak-through occur, its cause may well be a composite 
one m which alveolar base weakemng, either hereditary or acquued by disease, is 
an important element We feel that the explanation of PM or PT occurrmg 
durmg sleep is very often to be found m the period of time mtervenmg between 
base rupture and uruption of air into the mediastinum or pleural cavity 

Submanne Escape atmng. Inteachmg young men to escapefrom submarmes, 
the instructors take them mto a diving beU to different depths m a tank of water 
They are then told to fasten a chp to the nose, and, with a breathmg bag attached 
to the mouth, mto which they aie told to breathe m and out while gomg up, they 
ascend slowly to the surface Dependmg upon the depth to which they are 
taken, they pause at various levels, in order to allow pressure readjustments to 
occur between themselves and the decreasmg pressure to which they are subjected 
as they ascend. The breathing bag has a flutter valve attachment, which per- 
mits of pressme adjustments m it, at vaiymg depths. A number of accidents, 
and some fatahties, have been recorded m men imdergomg this trammg (3, 8, 20, 
33, 180, 257) In all of these cases the men have apparently become somewhat 
frightened and have disobeyed instructions, both as to tune of pausmg at the pre- 
scribed levels, and as to contmued bieathmg mto the bag. They have ascended 
too fast and have held then bi eath The result has been that the air m the lung, 
havmg no escape through expuation, remains trapped, and as the mdividual as- 
cends the pressure on the chest becomes progressively less. This causes the air 
m the lungs to expand, with the result that there is a general overmflation 
These conditions resemble those produced by Giiffin (113) m his dogs, except 
that m the latter the breath was not held, hence vessel cahber was not diminished 
An expansion of alveoh takes place that is too great for the alveolar wall to with- 
stand The holding of the breath causes a reduction m the cahbei of the pul- 
monary vessels, and the pressure gradient between alveolus and sheath is still fur- 
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ther heightened, incieasing the opportunity for rupture At autopsy on such a 
patient, Polak and Tibbals found PM and large air bubbles under the pleuia The 
air may escape not only into the vascular sheaths, but, imder such extremes of ex- 
pansion as those to winch these men were subjected when ascendmg without 
breathing, mto the capillaries as well Thus air embolism occurs, and the symp- 
toms from this may overshadow any that might be arismg fi om PIE The m- 
dividuals usually show signs of cerebral embolism vnth paralyses and mterfer- 
ence with vision, and also of air in the heart chambers, which with blood becomes 
churned into froth The pulse is feeble, or non-existent, the extremities are cold, 
and m some cases death ensues 

Not only does air work its way mto the capillaries, but blood from the capil- 
laries gets into the alveoh, so that these men show bloody froth at the mouth and 
nose Probably m these instances, as m lung blast, as shown by Zuckerman, 
rupture takes place m the side walls of the alveoh as well as m the bases from too 
much stretclimg, and air m the blood vessels, as well as blood m the airway, is the 
result It n ould seem that this latter type of rupture, namely, of alveolar walls 
that abut against other alveoh, takes place when extremes of expansion in the al- 
veoh, as found in submarme escape trainmg and m lung blast, occur 
Polak and Adams carried out experiments, m which they sought to reproduce 
the conditions of escape from the submarme bell They distended the lungs of 
dogs by air blown mto the tiaohea, producmg air embohsm, and also PIE, as 
shoivn by large air pockets along the pulmonary vem In attemptmg to deter- 
nune whether it was the distention of the chest or the mcrease m pressure which 
was responsible for the rupture, they bandaged the chests of the dogs before m- 
flation was begun, and found that m such cases there was no air embolism As 
soon as the bandage u as removed, air embolism was observed They determined 
this by making a trap in the carotid arteiy, and watchmg m it for the appearance 
of air bubbles When the chest was bandaged they could raise the mtrapulmomc 
pressure to 80 mm Hg and get no air embolism They stated that this explains 

why a person can raise the mtrapulmomc pressure to 100 mm Hg above normal 
without symptoms of air embolism, because he raises the pressure, not by expand- 
mg the chest and increasing the lung volume, but by compressing the lungs 
through expiratory efforts, xvith the glottis closed There is room here for the 
generalization Contracted bases are stronger , enlarged bases are w eaker The 
strength of the base is m inverse relation to its area Stretclung thins and 
weakens the base Although air embohsm may not occur under pressures, as 
lugh as 100 mm Hg PIE may and does happen, as shown by PjM, SE and PT in 
women m labor, children with obstructive laiyngitis, etc , where pressures are 
probably much less than 100 mm Hg m excess of normal 
Wlien the pressure was raised to 80 ram of mercury m dogs wnth unbandaged 
chests, extensix'e mterstitial emphysema was found in the mediastmum, posterior 
part of the lulus of the lungs and about the pulmonary blood vessels, which were 
uniformly collapsed No air w-as found m the lymphatics nor m the thoracic 
duct This IS of interest m view of Boyd’s statement that m the PIE of whoop- 
ing cough, the air travels to the lulus by way of the Ij mpliatic xessels 
Air emboli were also found in the experimental animals m cases of local oxer- 
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inflation (188) Most patients in wlioni PIE is found do not show evidence of air 
emboli, piessuie in the alveoli may have to be much higher to cause air embolism 
than it does to cause PIE Blumberg and Latowsky report a patient with 
tuberculosis m whom cerebral embolism, SE and PT occurred simultaneously. 

C ' Cases in Which the Mode of Production of PIE is Uncertain 

Lung Blast Ei om the desci iption of patients suffering f i om the effects of high 
explosives, only a few of which will be mentioned here (62, 120, 239, 241, 266, 
304, 328) , it has occurred to us that some of the patients ivho have lived for a time 
following the exposuie are suffeiing from PIE We have published this sug- 
gestion elsewheie (199) These patients exhibit dyspnoea, cyanosis, iigid abdo- 
men, which in some cases has been mistaken for a symptom of an acute abdommal 
condition, thorax fixed in the position of maximal mspuation, letiosternal pain, 
pneumothoiax, hemothorax, blood m the mediastmum and along the vascular 
sheaths No one patient need, or does, exhibit all of these conditions Here as 
elsewheie, lelease of an from the mediastinum will piobably lelieve the pressure 
on the ciiculation sufficiently to allow the person to live long enough to absoib 
the air which is splinting the lung, and causing a part of the difficulty 

Fullness and balloomng of the chest have been noted m victims of bomb blast 
who have survived We suggest that this condition was probably due to the lungs 
being air-locked, that is, splinted in the inspiratoiy position by air trapped m the 
pulmonary mteistitium In othei words, they were cases of maiked PIE The 
writers desci ibmg this balloomng of the chest stated that it was reminiscent of 
emphysema Piesumably they referred to chronic pulmonary or “medical” em- 
physema 

An has actually been found m the mediastmum, about the pericardium, at the 
roots of the limgs and m the subcutaneous tissues of the neck m victims of bomb 
blast (120) We feel that PIE and PM have occuired also in the experimental 
animals subjected to high explosives, for the roentgenogram m Zuckeiman's 
figure 11 shows air in front of the heait after such treatment, and none theie be- 
fore Zuckerman does not mention the presence of this air 

Theie has been a great deal of discussion as to whether the compression or de- 
compression phase of the bomb blast has been lesponsible for the symptoms and 
pathological findmgs in lung blast As far as the production of PIE is concerned 
it seems that it could happen m eithei phase Zuckeiman has shoivn that ani- 
mals subjected to the compression' phase alone exhibit the pulmonary hemor- 
rhages, etc found m patients with lung blast Latner, on the othei hand, has pro- 
duced similar lesions in the lungs of mice by subjecting them to the low pressure 
phase alone In Giiffin’s (113) experiment on dogs, he pioduced PIE and PM 
by decompression of the chest wall, thus permittmg of hyperexpansion of the air 
m the alveoli, with resultant rupture There was no pressure in the alveoli of 
his dogs gi eater than atmospheric imder such circumstances It would appear, 
therefore, that ruptuie could occur durmg either phase after the explosion of a 
bomb if 1 uptm e takes place during the compression phase, the cause would be 
increased intrapulmonary pressure brought about by compression of the chest 
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wall , if it occurs during the decompression phase, the rupture is caused by alveolar 
hyperexpansion The duration of either phase is too rapid to permit of pressure 
adjustments within the alveoli, for air to be squeezed out in the compression 
phase on the one hand ivith the result that the pressure in the trapped air m the 
alveoli rises, or tor an to be sucked back again into the lungs during the decom- 
pression phase rapidly enough to keep the lungs from bemg overexpanded 
It IB essential, of course, that the person not be killed by the blast m order to 
develop PIE, smce leakage of air occurs only when the mdividual continues to 
breathe The tearing of the capillary walls allows blood to ooze out even if the 
person dies at once, so that hemorrhagic areas in the lung are a constant finding, 
PIE and its sequelae, PM, SE and PT are found only if the individual continues to 
breathe The evidence of PIE and PM may be lacking if autopsy is delayed too 
long after death, the air having disappeared 
Lesions m the lung, similar to those found in lung' blast in air, are present m 
persons or animals exposed to underwater explosions (299) No attempt is made 
to refer to all the literature on this topic In immersion blast, the abdominal 
lesions are the more spectacular, but pulmonary injuries, such as hemorrhages, 
also occur The accounts which we have read of underw ater explosions have not 
mentioned PIE or PM specifically One of the reasons for this may be because 
they have not occurred in these particular cases, smce the life jackets, which are 
usually worn in the water by those who are subjected to underwater explosions, 
tend to protect the thorax from the extremes of pressure changes accompanying 
the explosion, but leave the abdomen exposed to them On the other hand, PIE 
and PM may have been present, but were not mentioned because they were not 
as obvious as the tears in the intestmes It would not be surprising, however, if 
PIE, PM, SE or PT were found in some victims of underwater explosions 
Trauma PIE and its associated conditions may occur following trauma to 
the chest If the wound is a penetrating one, such as a gunshot w ound (125) , the 
PT IS usually brought about by au from the outside, and the SE is found around 
the site of the wound rather than in the mediastinum If the lung is injured by a 
fractured rib, air may escape into the pleural cavity directly from the lung 
through the visceral pleura There are cases, however, of blunt mjury to the 
chest m which there is no such commumcation betw een the pleural cavity and the 
outside air on the one hand, or between pleural cavity and the lung through the 
visceral pleura, on the other (322) In such instances, the air in the pleural 
cavity, mediaatmum or subcutaneous tissues arises from an imtial PIE The 
mechanism here would seem to be compression of some part of the chest with 
sudden increase of mtra-alveolar pressure There might be, of couise, hyper- 
inflation in the parts not directly compressed In either event there is a rupture 
ICneehng on the chest (131), running over the chest with wagon wheels (241), 
stnkmg the cheat against some object (7, 9G), may be followed by PIE, as evi- 
denced by SE, PT, etc A physician not long ago told us of a case of his, a loco- 
motive engineer, who fell on an icy platform, stnkmg his chest against the comer 
station truck Extreme SE de\ eloped, and the man died in less than a day 
There was no rupture of the chest wall 
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Cooke leported nine cases of crushing injuries to the lungs Some of the 
patients died almost immediately, but one of them developed a tension PT In 
most of these, there was no tear m the pleura to explain the PT 

Caisson Disease Pulvei reports spontaneous PT as an accident in a c^son 
worker In such workers, the ascent is supposed to be made slowly, and the in- 
dividual IS bieathmg air at the same pressure as that which surrounds the chest 
The mechanism of PT production m this workei is not known to us since the 
article was not available 

Hiccup Matis states in a personal communication that he is reportmg a case 
of PM folloivmg persistent hiccup. The mechanism of PIE production is not 
clear in such a case 

D. Cases of General Ovennflation in Which a Pressure Gradient is Lack- 
ing because of Compensation by Increase of Blood Vessel Caliber 

Massive Collapse If Fine and Drmker’s work is correct, it would explain why 
PIE seldom occurs m the hypermflated lung which compensates for massive col- 
lapse of the contralateral lung, if one is to judge its mcidence by the repoits of its 
occurrence found in the liteiature The entire lung is collapsed, and is receiving 
much less blood, this means that the other, hypermflated lung is leceivmg a- 
conespondmgly greater amount of blood Although hyperinflation occuis, no 
pressure gradient is created because the expansion of the vascular cross-section 
in the hypermflated areas compensates for the hyperinflation The sheath is 
much thmnei between the expanded mner and outer rmgs but its volume is the 
same, therefore there is no reduced pressure m it to favor lupture of the alveolar 
wall Hence it does not always follow that the extent of the PIE paiallels the 
degree of atelectasis 

It must be stated here that the question of blood flow and of blood content in 
the collapsed lung is apparently fai from settled, and one should refer to such a 
treatise as that of Coiyllos and Birnbaum for a comprehensive resume. Cer- 
tainly it would appear to be, as many have remarked, a poor arrangement both 
from the physiological and pathologipal points of view to have the collapsed lung 
receiving more blood and the overmflated lung less, although such a distribution 
of blood in the lungs in cases of pneumothoiax has been descnbed (HO), for if 
this were the case then the pressure gradient m an oveimflated lung when the 
contralateral lung has suffered massive collapse should be excessive, the outer 
rmg of alveoli bemg much expanded (Factoi A) and the mner img of blood vessel 
much conti acted (Factoi B) However, PM, PT and SE ai e seldom reported as 
accompaniments of massive collapse, despite the phenomenal lowering of intra- 
pleural pressuie on the affected side (119), and this circumstance argues against 
the idea that the blood flow to the hypermflated lung is reduced, and that to the 
collapsed lung increased 

Although one would not expect PT very often accompanymg massive col- 
lapse, we felt that theie probably were instances of this condition m which PT 
had occuried We aie not refeirmg, of comse, to those cases of collapsed lungs 
m which the PT pieceded and caused the coUapse Sante reported a case m 
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which there was massive collapse followed by PT on the same side He was able 
to demonstrate by means of a roentgenogram a small area in the low er part of the 
left upper lobe that had faded to collapse with the rest of the lung He accom- 
plished this by rollmg the patient over on the side, thus brmgmg the mflated. 
region nearer to the surface, because m the ordinary roentgenograms of the chest 
this area was concealed by surrounding atelectatic lung This area was probably 
overinflated, because of the following reasons When the left lung colIapsed,the 
pressure m the left pleural cavity became mereasmgly subatmospheric This 
caused the right lung and the mediastinum to shift over to the left, as a com- 
pensatory mechanism For some reason, an area of left lung did not collapse, 
and it also expanded in an effort to reduce the subatmospheric pressure m the 
left pleural cavity But the blood supply to the left lung was reduced (92), and 
thus the necessary conditions for the production of a pressure gradient, (Faetors 
A and B) were present PIE, PM and PT ensued, but even mth air m the 
pleural cavity helping to eliminate the lowered pressure, the mediastinum and 
nght lung still showed a shift to the left ^This latter fact indicates that the 
hyperevpansion m the right lung was not enough to compensate fully for the 
space left by the collapse of the left lung, so that the uncollapsed area of lung on 
the left was probably hypennfialed Thus when PIE does occur m massive col- 
lapse, it IS likely to be in the hyperexpanded areas on the collapsed side, rather 
than from the contralateral lung ' 

It would appear that patients with massive collapse may also suffer from PHS 
and its sequelae, if there are areas of the collapsed lung which are fibrosed or are 
adherent to the pleura, and are prevented by these means from undergoing col- 
lapse with the rest of the lung, and so are apt to spnng a leak 
We have encountered several other titles of articles (57, 58) to which we have 
not had access which suggest PT as a complication of massive collapse, although 
we cannot state defimtely that these were true examples of massive collapse 
followed by PT 


Escudero and Adams produced bilateral PT experimentally by first producing 
a massive atelectasis They did this by msertmg lead pellets mto the bronchi, 
or by painting the bronchial mucosa with silver nitrate until the lumen was oc- 
cluded by scar tissue, after which all the air was absorbed The do^ th^r, 
veloped PT on the same side These authors mterpreted the PT in thj war 
With massive collapse, there was a much decreased mtrapleuial ptesutb cniie 
atelectatic side This caused the other lung to overexpand, and 
through the overstretched pleura, creatmg a contralateral PT Ttszi air was 
drawn through the mediastmum from the PT on the unoDeiafcrds-cs to 
PT on the operated side They could demonstrate the Liter 
jccting air into the pleural cavity on the side of the aera.^d 
watch under the fluoroscope the development ol PT c- iL- -- ^ ITtT 

They did not sacrifice their animals, and so did not = — s. 

tion of a ruptured pleura as the source of the air >'■ Til — erp-eta- 

The first PT in these ammals was, we sugges' X T'~' 

penmeiits on cats (188), not through ruptme 
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about the blood vessels in this hypermflated lung, with formation of PM, and its 
rupture to produce PT, 

Pneumonectomy The conditions just described for massive collapse obtam 
for the most part in patients from whom a lobe of a lung or a whole lung has been 
removed The remainmg lung undergoes hyperinflation to compensate for the 
loss of lung volume (173) But at the same time, all the blood which had for- 
merly traversed the whole lung field now has to pass through the lemaming lung. 
Thus the surgeon inevitably provides against PIE in his pneumonectomy pa- 
tients, because at the time that he causes Factoi A to opeiate, namely, by pro- 
ducmg overmflation, he also causes the blood vessels to expand in the over- 
inflated lung, by deflectmg all the blood of the pulmonary cuculation through 
the remainmg lung, and so prevents any pressure gradient from forming Hence 
one does not often find PIE or any of its consequences, reported after removal of a 
lung. 

If such complications should occur, however, a careful exammation of the case 
will usually disclose some factor in addition to loss of lung volume and compensa- 
tory hypermflation as having been implicated Stephens reported three patients 
who developed PT folloiving removal of a lung, but in each case insufflation 
anesthesia, under too high a pressure, seemed to be the logical cause In two 
patients a carcinomatous lung was removed One developed PM, SE and PT, and 
died the day after the operation The second developed PT during the opera- 
tion, and succumbed on the table Stephens could find no tear in the mediastinal 
pleura m either case to explam how the air got from the opened pleural cavity of 
one side mto the other pleural cavity We feel that the air was doubtless commg 
from aroimd the hilus of the lung on the unoperated side which had experienced 
geneial overmflation and leakage of air from insufflation of the anesthetic at a 
pressure of 25 mm Hg It is not to be wondered at, therefoie, that Stephens 
could not find a leak from one side to the other or even “the bronchial fistula, 
which surely was the cause of the emphysema ” We feel that PIE explains both 
the contralateral PT and the SE in these cases and it is not necessaiy to mvoke a 
hypothetical abrasion of the bronchus to explam the production of SE 

Stephens’ third patient was imdergoing a lobectomy under insufflation anes- 
thesia when the heart stopped, and, because of his expeiience mth the other two 
patients, he recogmzed that a PT had occurred, and that this was pi eventing 
expansion of the unoperated lung The heait was massaged, an undei tension 
was ivithdiaAvn fiom the unopened pleural cavity, and air bloira mto the good 
lung undei pressure to make it continue to expand until the operation was over 
The patient contmued to bieathe then ivithout forcible expansion of the lung, and 
recovered Stephens felt that the PT could not have ai isen thi ough the insuffla- 
tion of the anesthetic, which he said was administered from apparatus which 
constantly controlled the pressure at 25 'mm Hg We feel that this pressure 
might prove too high even with the thorax closed, and it has been shoivn (200) 
that the pressure necessary to produce rupture is much less if the thorax is 
opened, so that the lungs lack the piotective support of the chest wall, than when 
the chest is closed. 
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It IS interesting to leain to wMt a great extent the lung tissue may be remo’rti 
in dogs and the animals survive Adams has shoini to one of us (CCIM) a uag 
lively and apparently quite liealthy from which all but IS per cent of tae 
tissue had been removed In tms ammal the entire pulmonic blood musr 
been traversmg the surviving fraction ot lung, which, m this case, was 
upper lobe In one such animal, spontaneous PT developed (252) 
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Had the man who was shaving in the morning just finished stiaming at stool? 
What type of woik had the boy just finished doing, was it anything that le- 
quired tuggmg or liftmg of heavy objects? Do the cases which come just after 
the patient has arisen from sleep start because of atelectasis of the lung caused by 
sleeping overlong in one position, mth atelectasis of the dependent poitions of the 
lung? The answers to these questions we do not know, but in the futuie, as 
clmicians become aware of the natuie of the factors precipitating PIE and PM, 
they may inquire for these and record them moie accurately 

Now that pneumomediastmum has engaged the attention of clinicians, the 
reports of its occurrence are more frequent Meek repoits PM verified by 
roentgenograms m a male of 27 who developed his attack following the unloading 
of heavy storage batteries. Monroe and Webb repoit it in an airman, Griffin 
(114) repoits it m tjiree men, two of whom had nuld respiratory symptons, while 
the third was constantly lifting 2-lb weights In Kellogg’s and Gieene’s 
patients no history was given that could account for it Lmtz limits the teim 
“spontaneous” mediastmal emphysema to those cases in which there is no demon- 
strable disease, atelectasis, or pievious exertion to account for it. He assumes 
that because it can occur without presence of disease, it can likeivise occui with- 
out there being any increased mtrapulmonary pressure, as in the experiments re- 
corded earlier on local overmflation But it probably does not occur without at 
least one of the folio wmg bemg present, namely overmflation, relative mcrease 
of mtrapulmonary pressure as compared with that on the chest wall, decreased 
pulmonary blood circulation 

Of course, not all people subj’ected to these various strams or conditions de- 
velop PM It appears that a second factor, namely, weak alveolar walls which 
are leak-susceptible, must be present This weakness may be a constitutional 
one, or it may arise through some mflammatory change in the alveolar walls 
In all Hamman’s cases the condition cleared up, which led him to make the state- 
ment that it IS benign in nature This is not always the case, however, because 
when the condition accompames some inflammatory reaction as influenza (307), 
tuberculosis (71), asthma (89), etc , or when it occurs m the newborn, death may 
appear imminent or it may leally occur 

F Current V%ews on the Causes of Idtopatlnc Pneumothot ax 

We shall take occasion at this moment to discuss the cuirent ideas as to the 
causes of pneumothorax simplex, or idiopathic pneumothoiax We feel that 
many of these cases are examples of PIE followed by PM, which has luptuied to 
produce PT 

Tuberculosis Formerly the piesence of PT was legaided by some woikers as 
pnma facie evidence that tuberculosis was piesent. The piolonged leat m a 
tuberculosis sanatorium formerly presciibed for cases of bemgn PT testified ?o 
the belief that tuberculosis was the maj oi factoi m its production Hamman (122) 
formerly thought that most cases of pneumothorax weie tuberculous m oiigm 
If PT occurred m an appaiently healthy person, it was asciibed to the rupture of 
an adherent emphysematous bleb in a healed case of tubeiculosis (320) 
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Gradually the repeated evidence that PT occurred m persons with no signs of 
tubeiculosis, and who had not developed it for years after the air had been re- 
sorbed, forced clinicians to hunt tor a further explanation Thus Bisenthal and 
Snyder found that, in tiv elve cases of benign PT, none had tuberculosis . In only 
two of Long and Bray’s eight patients was tuberculosis present It was present 
in only three of Ilirshner’s (159) twenty-four patients In the London Hospital, 
between 1924 and 1937, there were 114 cases of spontaneous PT, and only six- 
teen of them showed tuberculosis (261) It is now recogmzed that it is ii rational 
to insist upon prolonged rest for these patients nith PT who not only have no 
clinical signs of tuberculosis, but are actually, many of them, free of it 
Siib-Pleural Blebs or Congentlal Cysts When it was recogmzed that tubercu- 
losis could no longer be regarded as the sole cause of PT, ruptured subpleural 
blebs or congemtal cysts were advanced as the explanation It was supposed 
that these blebs, which were m communication with the aurway, ruptured into 
the pleural cavity, causing PT Thus subpleural blebs, together with ruptured 
pleura became the sine qua non of spontaneous PT 
Authors (75, 104, 109, 162) continued to assert them behef that ruptured blebs 
caused the PT despite the fact that m many of the cases which came to autopsy, 
they either found no blebs or could not demonstrate a rupture in the blebs' they 
did find Many of these oases did not come to autopsy, and the “ruptured bleb” 
idea was permitted to flourish without any real proof in many mstances 
Stem and his associates consider an emphysematous bleb as the probable cause 
of the PT m the five patients whom they report In one the onset was while 
walking, in a second, while marclung to barracks for breakfast, m a third while at 
rest, in a fourth while at rest after strenuous calisthenics, and m a fifth whUe 
swimming Smee none of these came to autopsy, the idea of a ruptuied bleb 
could neither be confirmed nor disproved Taschmann suggests that stenosis of 
a terimnal bronchiole caused by the scar from a small Ghon infection may lesult 
m the ballooning of subpleural alveoli ivith rupture 
Oinstein and Letcher assert the validity of the ruptured bleb hypothesis as an 
explanation of the spontaneous PT occumng in their senes of 58 cases They 
mention that strenuous exertion preceded the onset of the PT m 23 cases, but lay 
the stress on the 35 cases m which no strenuous exertion was mentioned, and 
state that the exertion can be only a contnbutmg cause The essential thing, 
they say, is the emphysematous bleb with a “check valve” which prevents escape 
of air They show the lungs of four persons (not these patients) with extremely 
large emphysematous blebs, one “as I ugc as a grapefruit”, yet none of these 
persons had a history of PTl Such a findmg should make them examine wutli 
caution their belief that PT aiises through luptuied blebs ‘ 

In the case of the calf’s lung (196), and in the lung of the child who liad inter- 
stitial emphysem v after aspirating peanut fragments into the bronchus (94), 
t ore were blebs whieh lud not ruptured The presence of blebs docs not neccs- 
sxnly mean that they ha\ e raptured and that the PT is caused by air commg from 
tiem The blebs and the PT may ha\c a common cause, namely, an in the 
vasciil ir sheaths and mediitotinum with a rapture in the latter Ilasnoy and 
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Baum interpreted the annular shadows at the hilus of the lung of their patient as 
subpleural blebs at this point Evans has shown that annular shadows may m- 
dicate locahzed pneumothoraces,, not blebs We suggest that the appearance 
may sometimes be due to bubbles of air in the mediastinum Cole found con- 
genital cysts reported m only three of the eighty -two cases of bdateial spontan,- 
eous PT lecorded m the hteratuie, so that this explanation is by no means always 
valid Sycamoie’s case may have been one of ruptured subpleural bleb, the 
patient had suffeied fiom PT five times, but after surgical removal of the bleb 
he experienced no more attacks Even here, the freedom fiom attacks after re-, 
moyal of the bleb may have been purely coincidental Gough described a pa- 
tient with fatal PT, in whom a torn adhesion extended fiom a luptured bulla 
When the lung was'perfused with water, the water filled the bulla, and escaped 
through the tear in its suiface The pressure at which the peifusion was carried 
out was not given 

A luptuie of scar tissue caused by adhesions between the visceral and parietal 
layers of pleura is the explanation of Acton for the PT in a man whose dyspnoea 
came on while resting after a days’ work The type of work was not stated, but 
if there was an undue amount of exertion in the work, PIE, PM and PT imght 
easily have occuired. 

Congenital Weakness of Pleura When no evidence of tuberculosis or congem- 
tal cysts or subplemal blebs could be found, some authors resorted to the idea 
that there is a congenital weakness of the pleura m spots, and that at these areas 
ruptures tend to occur, giving PT (77, 159, 178, 225) The first authors (77) 
think that some of the bronchioles terimnate directly beneath the pleura without 
the intervention of any alveoh If the constitutionally thin area of the pleura, or 
one which has worn thm through repeated rubbmg against the parietal pleura, 
happens to be over such a bronchiole, the atmospheric air in the bronchiole 
causes a blow-out, and PT results If, however, the thm area overlies alveoli 
“m which the pressure is negligible”, then the blow-out does not occur, because 
the negligible pressure m the alveoh is not great enough to make the pleura 
rupture 

We cannot subscribe to such an interpretation of bemgn PT In the first 
place, at no time have we seen, in the lungs we have studied, bronchioles ter- 
minating under the pleura without the mteivention of alveoh In the second 
place, the alveoh are always in open commumcation with the bronchioles and 
bronchi, and we cannot see how the pressure in them could be other than that m 
the bronchioles with which they connect In inspiration, the alveolar pressure is 
a httle less than atmospheric, and at the beginning of expiration a little more than 
atmospheric, at no time could one designate it as “negligible” Congemtally 
thin places m the pleura, or places worn thin by lubbing, are hypothetical (fric- 
tion would tend to thicken the pleura), wheieas air dissecting its way along the 
vascular sheaths and passing out at the hilus of the lung is an actuahty which can 
be demonstrated vosually 

The ability of the pleura to withstand considerable pressure has been noted 
even under seveie stram such as occurs m paroxysmal cough or m childbirth (84), 
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and in many cases where there were actual blebs on the surface, there was no tear 
m the pleura over them (240) 

Benign Pneumothorax Occurring in the Absence of Rupture of Visceral Pleura 
There have been those who have been willing to accept the evidence when they 
have failed to find ruptured cysts oi blebs (171, 258, 325) Pnest’s patient died 
with a bilateral spontaneous PT with no evidence of an opening on the lung sur- 
faces when water was forced through the bronchi, and with no sign of tubercu- 
losis, tumor or other pulmonary disease Rossel (cited by Hasney and Baum) 
reported a case of hemopneumothorav in which 3500 cc of blood was found m the 
pleural cavity at autopsy “In spite of a very careful search, the pleuropul- 
monary rupture and the source of the hemorrhage could not be discovered ” 
There was no tuberculosis 

Therapy designed to cause adhesions between visceral and parietal pleurae to 
stop the leak m a bleb, and so inlubit further attacks of PT may be of value, if the 
two layers of pleura become completely adherent, in stopping nr from getting 
mto the pleural cavity, but it wdl bo of little avail in preventing the initial leak 
which causes PIE, the PM that preceded the PT, or SE that may develop to re- 
lieve the PM 

Why does air escape into the pleural cavities in some persons, rather than mto 
the tissues of the neck? Wliy does one mediastmal pleura rupture and not the 
other, for the unilateral pneumothora\ is much more common, fortunately, than 
the bilateral in man? Why does the air escape into both pleural cavity and sub- 
cutaneous tissues m some cases? The escape into the pleural cavity lather than 
mto the subcutaneous tissues would seem to be the more common loute if one is 
to judge fi om the clinical reports, especially in view of the fact that subcutaneous 
emphysema is recognizable without any artificial aids, whereas many small and 
localized penumothoraces, or even a large pneumothorax, may not be discovered 
until an X-ray of the chest is taken 

In summarizing the evidence as to the cause of so called “spontaneous” PT, 
we would say that 

(1) The rupture of a subpleural bleb if one is present may cause PT 

(2) In many cases of PT coming to autopsy, there is no evidence of subpleural 
blebs When such blebs are present, theie is often no mdication that they 
have ruptured Therefore in such cases they cannot bo the cause of the PT 

(3) It IS probable that the majority of cases of spontaneous PT are the result of 
some of the conditions or a combination thereof, set forth m tins paper 

(4) The lack of evidence of a precipitating cause for the PT in the chmeal 
lustorj is due in largo measuie to the failure of the phjsician to imderstand 
(a) what a vaiiety of precipitating causes there might bo, such as cough, strenu- 
ous exertion, mild or unobserved respiratory symptoms, ete , and (b) how long a 
time may elapse between the precipitating cause (such as exertion) and the ap- 
pearance of symptoms T his latter factor, namely, lapse of time betw een cause 
and obvious effect, doubtless explams the majonty of instances in which no ex- 
planation of the PT 13 given 

T hreo instances of spontaneous PT have been reported in w Inch the first pain of 
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the PT occuired during the taking of a cold shower (77, 178, 302) This may 
have been caused by the sudden inspiiatory effort usually made when the cold 
water hits the body, oi by the strenuous exeitions which may have pieceded this 
.and caused the patient to want a cold showei An unusual cause in one patient 
(221) was coitus She suffeied fiom attacks of pain in the chest after each such 
experience, (which we think aie mdicative of the existence of PIE), and finally 
suffeied a bilateial PT and died Her lungs were found covered with bullae, and 
throughout the limgs, laige, spherical an spaces were described, which were said 
not to be dilated alveoli We think they may have been bubbles of an in the 
vascular sheaths and septa 

Reittei’s patient was an infant who had had a cough for several days before he 
suddenly became woise, exhibitmg dyspnoea and definite air hunger The diag- 
nosis was eithei an enlarged thymus or foreign body in the bi onchus The roent- 
genogiam showed completed atelectasis of the right uppei lobe, with PT on the 
right Although the author does not mention it, one of the roentgenograms also, 
to us, shows defimte air m the mediastinum, reveahng that the sequence of events 
was probably as we have outlined it m this discussion > < 

Viooman leports spontaneous PT in seven persons, it came on as foUows (1) 
while eating, (2) with no history of precedmg events, (3) following an operation, 
(4) while diving, (5) while swimmmg, (6) while scrubbmg a floor, (7) after 
mtratracheal anesthesia In the last five of these cases, factors were present 
which could easily have mduced PIE 

In some of the recent literature, the tendency is to explam many of these m- 
stances of spontaneous PT on the basis of a PIE and PM, following the explana- 
tion offered (188) Thus, GiiflSn (113) reported a series of cases of spontaneous 
PT in young males One occurred while the man was r unnin g m a track meet, 
one while the man was boxmg, receiving a severe blow on the chest, one was m a 
woman who was shakmg a grown man violently to wake him up , the others either 
had a history of a respiratory illness for a few days or weeks, (4 cases) or no ap- 
parent illness or violent exertion to account for the PT, (3 cases) GriflBn’s 
experiments m which he produced PM, PT, SE, etc , m experimental ammals by 
placmg them m the decompression chamber, with a tracheotomy tube m place 
extendmg outside the chamber have already been recounted 

G Idtopaihtc Pneumothorax 

Recurrent Pneumothorax Simplex. Although most of the cases reported are of 
patients who have had only one attack of PT, there are instances (13, 43, 77, 128, 
209, 225, 228, 298, 317) m which there were repeated attacks, some patients hav- 
mg as many as fourteen In practically all of these, there was no evidence of 
tuberculosis One must postulate a constitutional tendency to rupture In this 
connection it is of mterest that in the cases cited above m which PT was recur- 
rent, three weie found in which it also was faimhal (13, 225, 228) 

Bilateral Pneumothorax Occasionally in man the an goes mto the two pleural 
cavities simultaneously (1, 32, 39, 50, 63, 84, 102, 127 , 128, 143, 154 (4 cases), 166, 
201, 207, 217, 221, 222, 224, 232, 258, 263, 271, 314, 315, 317, 321, 327, 329) 
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Most of these patients succumb because of extreme limitation to respiration, but 
some have survived We liave not attempted to collect all cases of bdateral PT, 
because the same explanations hold that are true for umlateial PT Once the 
mediastinum is distended nith air, it is astonislimg that it so seldom ruptures on 
the two sides Grant describes a region m the posteiioi mediastinum, between 
the oesophagus and the aorta, in which the two layers of mediastmal pleuia are in 
apposition A i uptui e at this point w ould put the ti\ o pleural cavities mto com- 
munication The pleura here evidently is lesistant, preventmg this accident 
from happening oftener In some animals theie is said to be a normal openmg 
between the two pleural cavities, so that all pneumothoraces ivoidd be bilateral 
m these forms, unless the opemng were plugged with exudate, or adhesions In 
other animals, such as the cat, the layer of mediastmal pleural separatmg the two 
pleural cavities is very thm, so that when it ruptures, air enters both pleural 
cavities simultaneously When PT m man is caused by the rupture of a bleb, a 
umlateral type only is expected, unless the tension becomes so high in one pleural 
cavity that it breaks tlirough secondarily mto the othei side When PT is 
caused by a ruptuie in the mcdiastmum, the effect may be ur#- or bi-lateral 
Sergent (see 127) considered bilateral cases as due to tuberculosis, but Rossel 
(see 127) pointed out that bilateral spontaneous PT is rare in sanatoria Lament 
thinks it likely that the air gets into both pleural cavities simultaneously, be- 
cause he says that a umlateral case rarely becomes bilateral This further sup- 
ports the idea that the initial rupture is from the mediastinum Richmond’s 
patient, who had died with a bilateial PT, had two areas m the right lung, about 
5 cm m diameter, “markedly distended with air” The upper left lung was 
similarly distended with an , being held to the chest wall with adliesions These 
two areas, unable to collapse with the rest of the lung, probably produced PIE 
and permitted even moie air to escape mto the pleural cavities 
The Heredilary Aspect Spontaneous PT probably occurs far more frequently 
than the reported cases m the hteratuie would indicate, but is probably not so 
common that it is experienced by many people at some time m their lives Most 
women do not have SB when m labor, most asthmatics do not suffer from PT 
simplex, there possibly must be m addition to the exciting cause, an inherent 
weakness m the alveoli themselves, and perhaps in the pleura as it is reflected 
over the mediastinum Liverani, also Lorge, postulated a constitutional factor 
m spontaneous PT The first weakness permits of rupture of the alveolar bases 
mto the underlying connective tissue, and the second of PT, or the other com- 
plications of PIE 

If the wealuiess happens because of some pre-existing disease, then its occur- 
rence m sever il members of a family may be looked upon as comcidenco, unless 
there was an hereditaiy susceptibility existing to the disease which caused the 
wealoiess If the w eakness of the al\ eolar w alls or of the mediastinum or of both 
e of constitutional chaiactcr, one might expect to find occasional records where 
several iii a familj are affected The following cases of familial incidence were 
encountered father and son (11,228) (the son m Muller’s case hav mg liad three 
bponlaneous pneumothoraces), two brothers (1G5, 1G7, 225) (one brother m 
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Morawitz’s family had two attacks), two peisons m the same family, (326, 336), 
five persons in the same family (105) , father and daughter, one with two, and the 
other with three attacks (13), several in a family (204) 

This weakness, whatevei it may be, has been designated as a weakness of the 
lungs, but Moiawitz says that it should be called a “pleuia wealmess” (Pleura- 
schwache) because it is the pleura over the bleb, usually lesistant, which must 
ruptuie The weakness is probably rather in the alveolar wall which permits of 
the first rupture into the vessel sheaths, and in the mediastmal pleura which al- 
lows the second ruptuie mto the pleural cavity 
The fairly numerous reports of spontaneous PT on the opposite side occurring 
during the artificial induction of PT, and of bilateial spontaneous PT, would in- 
dicate that there may be a point of weakness m the pleuia as it reflects over the 
mediastinal contents, which ruptures m these PT cases In most of the familial 
incidences reported above it is specifically stated that theie was no tuberculosis, 
or other pathological condition m the lung, to explam the PT. 

Artificial Pneumothorax. There have been reports in which spontaneous con- 
tralateral PT, |*IIP, SE, etc , have been produced as a result of the mduction of an 
artificial PT There are two ways in which the complications might arise: (1) ' 
the air mjected mto one pleural cavity might rupture mto the mediastmum, and 
from thence traverse the paths it takes when it occurs in the mediastinum from' 
PIE (188), or (2) it might enter the mediastmum from the mterstitial tissue of the 
lung, m the way aheady described Inasmuch as the lung which is being col- 
lapsed artificially is a diseased limg, uniform dimmution in size is unhlcely, and 
hence local overmflation may be found m the areas remaimng uncoUapsed. 
Cases in which PM (76), SE, PT, PRP occur led durmg the mduction of an aitifi- 
cial PT have been recorded (6, 12, 15, 151, 245, 277, 327) Joress's patient suf- 
fered from abdommal symptoms sufficiently severe to make abdommal operation 
seem imperative In a second case, withdrawal of au relieved the abdommal 
pam In oui experimental animals it was not possible to induce PM and SE by 
mjectmg aii mto the pleural cavity A rabbit failed to develop PM and SE when 
air was mjected in one pleuial cavity under a pressure of 2 cm Hg , and a cat 
failed to show PM and SE under similar circumstances, when the pressure was 
12 cm Hg (188). Both ammals, however, developed contralateral PT. 

Smith (285) reported bilateral PT as a complication of mduced pneumoperi- 
toneum Air was bemg mjected for visualization of mesenteric lymph nodes 
The woman became dyspnoeic, ivith pam in the chest The flow of an was 
stopped, and later lecommenced She collapsed and died shortly after Smith 
reports that ‘‘A number of small holes iveie discovered m the diaphragm con- 
nectmg the peritoneal with both pleural cavities” One wonders what the holes 
were, and if the au did not leally tiaveise upward through the connective tissue 
about the aorta and oesophagus over the same route which it follows when air m 
the mediastmum goes down mto the retroperitoneal tissues 

Pneumohemothoraz Sometimes the PT is accompanied by hemorrhage into 
the pleural cavity In the ammals with experimental PT not only was au found 
in the sheaths of the blood vessels but sometnnes blood also, which had oozed m 
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from the torn capillaries at the base of the alveoli (188) Thus blood might 
escape along the same pathway which the air had followed, and just as the air 
pathway had remained obscure and unobseived m most cases, so the pathw'ayof 
the blood was not easily apparent Perry (250) m 1938 reviewed the hterature 
and found mneteen cases, and added two of his oivn Some recovered after the 
rvithdrawal of the blood and aiij and others died Theie were eight autopsies 
from this group, and in three, ruptuied adliesions were found, m two others, 
bullae were disco\ ered winch w ere assumed to be the site of the bleedmg , and in 
three others there was no point of bleeding to explain the hemorrhage In some 
of the cases (178, 296), even m those in wluch ruptured adhesions were present, 
the bleedmg point could not be demonstrated in them as was true in Perry’s own 
case The blood w ould be oozing piobably from the postenor part of the medias- 
tmum in these cases, and its source would be difficult to locate 

Maxwell’s patient had been domg work wluch involved severe stram, and 
suffered from PT for 48 houis before the blanching of the slan called attention to 
the fact that a hemorrhage was occur i mg 

Hurxthal reported a case in which a man had been doing strenuous tugging at 
the cushion of his car when he expeiienced a sudden sharp pam m the right 
shoulder He became pale and dyspnoeic and had abdominal pain Examina- 
tion revealed a PT, and both air and blood weie withdrawn, with great relief to 
the patient He had suffered from colds for some time before this accident In 
tins patient, there may have been atelectasis followed by PIE and its accom- 
paniments, or there may have been severe strain, ivith the breath held and in- 
creased mtrathoracic pressure, followed by rupture, or there may have been a 
combination of the two There is adequate explanation for the occurrence of the 
PT and hemothorax m this patient Of Staffien’s three patients there was also a 
history of exertion in two, (1) chmbmg stans and (2) strugghng rvith an insane 
man In the third there was a lustory of fractured ribs to account for the bleed- 
mg 

Tannenbaum’s patient had a mild cough for months before hemopneumo- 
thorax developed Housden’s patient had a history of cough for nine years fol- 
lowed frequently by pam m the chest which the patient had called “muscular 
rheumatism’’ and for wluch he had never sought relief, as it cleared up in a few 
days One night he had an excessive fit of coughmg, and the pam became so 
severe that he had to go to bed Three days later, when he was straining at def- 
ecation, the pain increased sharply and ho became faint He died a few houra 
after and was found to have both air and blood in the pleural cavity Althougn 
there weie some blebs on the surface of the lung, no pomt from which eitlierair or 
blood could have come was found 

Two of Hopkins’ patients also had an apparent reason for their btrrot.Vjvx 
One had been suffermg from an acute respiratory infection, and ale r 4.,^ i ^ ' 
choked on a piece of meat and coughed excessively He at once fej^ a 
came dyspnoeic, and was found to have hemothorax The second A 

severe cough and fever, and developed a hemothorax Tin third'* ^ 

his while shaving, and no history of a preceding condition wlm , , T * 1/, i *^’^7 
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was mentioned by Hopkms The latter statement is also true of the patients of 
Beaumont, Biich, Falla, Hartzell (3 cases), Smvely et al Castex and Mazzei 
(45) repoit a case of hemopneumothorax 

Doane’s case is of mteiest, because it would appear that the cause of death in 
thus instance was definitely the pneumomediastmum, and not the hemorrhage 
from the punctuied lung This woman had seveial ribs fractuied m an auto 
accident Theie was a left hemopneumothoiax, while theie was also evidence of 
air over the precoidium She began to recovei slowly, but four days later sud- 
denly became pale, cyanotic, showed air hunger, and died When the sternum 
was lemoved at autopsy, a gush of au escaped fiom the mediastinum which was 
filled -with air bubbles Although there was a massive hemoiihage in the left 
pleural cavity, the account would indicate that death was due to the pressure of 
air in the mediastinum. 

In cases of hemothorax which come to autopsy, a seaich should be made for the 
presence of blood in the vascular sheaths, to determme whether there has been an 
alveolar rupture -with leakage of blood as well as of air The mere presence of a 
torn adhesion of the surface of the lung, which may have been laceiated at 
autopsy, should not be assumed to be the source of the bleedmg until it can be 
proved unequivocally to be so 

Thus it seems cleai that the phenomenon of the escape of blood nuxed with air, 
from the alveoh mto the underlying pulmonic connective tissue, as found in the 
experimental animals (188) has been duplicated in clmical cases m which the 
blood and air even go so far as to invade the pleuial cavity. 

Pneumoretropentoneum It has been lecognized that this condition is an ac- 
companiment of spontaneous or aitificial PT, and also that the air dissects its 
way into the retroperitoneal spaces In cases where the peiitoneum does not 
rupture, and allow air to escape mto the peritoneal cavity, the term pneumoperi- 
toneum is a misnomer, for the air is letamed behmd the peritoneum, not within 
the cavity In the experimental animals this was a constant accompaniment of 
the PJT and SE So much air accumulated that the kidneys were elevated com- 
pletely from their beds of fat and lay floating on huge vesicles of air 

In order to follow the course of events, the abdomen was opened in one animal 
and the diaphiagm exposed before the insufflation of air was begun Air was 
then introduced as usual mto the lowei lobe of the right lung, and the sequence of 
events noted The right dome was depiessed into the abdominal cavity as the 
overdistended right lung pushed agamst it This continued until the alveoli 
ruptuied and the an dissected its way to the mediastinum, thus leheving the 
pi essui e in the i ight lower lobe The middle of the diaphragm then bulged, and 
almost immediately air began to appeal m incieasmg quantities in the letiopejri- 
toneal tissues This contmued foi some time when suddenly both domes of the 
diaphragm, which had been exlubitmg respiiatoiy movements, bulged fai down 
into the abdomen and lespiiatory movements ceased This was taken to lepie- 
sent the moment when the mediastinum luptmed, causing a bilateial PT undei 
piessme This pressure was found to be above atmospheiic when a needle at- 
tached to a meicuiy manometei was thiust into the pleural cavities This se- 
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quence of events might be altered somewhat m the unopened animal, where the 
restrammg effect of the intact abdommal wall would mfluence the amount of air 
gomg into the retroperitoneal spaces before tinal rupture of the mediastmum oc- 
curred 

In some, perhaps m all, of these cases, of PM with either or both conditions of 
PT and SE, an mil be found m the retiopentoneal tissues, and still further hinder, 
by its upward pressure, the movements of the diaphragm, thus mcreasmg the 
respiratory distress, and pressing also, no doubt, upon the abdominal blood ves- 
sels, so further impeding the cuculation 

In view of the large amounts of air found m the retroperitoneal spaces of the 
experimental ammals, it is not surprising that the presence of air m these regions, 
and sometimes fiee m the peritoneal cavity, might cause so much pam that a 
mistaken diagnosis of an acute abdommal condition might be made Steigmann 
and Smger reported three cases of their own and found four others in the literature 
m wluch acute abdommal symptoms mdicated openmg the abdomen Muller 
and Mogavero’s patient was operated upon for supposed rupture of gastric ulcer 
which was not found Others (18, 237) also referred to abdominal pain m pa- 
tients with PT They attributed the pam to that referred from the PT, but 
there seems to be enough puUmg on the ureters, for example, when the perirenal 
tissues are distended, to permit of the mterpretation that the abdominal pam is 
not refeiTed but local m ongm 

In spontaneous PT the air is already m the mediastmum, and has no trouble 
dissectmg dowm the oesophagus and aorta as they pass through the diaphragm 
In the case of pneumoretroperitoneum occurrmg m the course of artificial PT, 
Banyai (15) pomts out tliat the air mtroduced mto the pleural cavity makes its 
way along the mediastmal structures and mto the retroperitoneal spaces Eisen 
reported air about the kidneys m a child suffenng from SE and PT, following the 
finpaction of a com m the oesophagus 

Ehrlich (78) reported a case of renal operation ivith insufiBation anesthesia m 
which retroperitoneal air was disclosed upon openmg the abdomen This was 
mterpreted as due to an abrasion of the pharynx, as the pressure at which the 
anesthetic was admmistered was controlled at 25 mm Hg In this patient, be- 
fore the abdomen had been opened, the retroperitoneal air preceded the SE, so 
that the abdominal route of escape may be more common than the cervical one 
The reverse of this route has been reported (10), when air appeared m the medias- 
tmum after havmg been mjectedmto the pentoneal cavity PM was produced in 
a patient m whom air was m 3 ected mto the rectum for a double contrast enema 
(34) No lesion was found m the rectal mucosa by wluch air escaped but there 
must have been a tear m the alimentary tiact at some pomt 
Tension Pneumothorax In not a few of the cases of spontaneous PT the air m 
the pleural cavity is undei a pressure higher than atmospheric A “valve 
' esicle” has been held responsible tor this It is alleged that this mechanism per- 
mits ail to escape into the pleural cavity, but not to get out of it Such a con- 
ception 13 necessarj , of course, for there must be a one-w ay flow , otherwise no 
pressure could be built up m the thoracic cavitj Unfortunately, how ever, many 
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writers, in discussing tension PT, have assumed that air escaped mto the pleura] 
cavity by way of the valve vesicle during inspiration, and was pi evented from 
getting out because the valve closed during expiration A few citations will be 
made here to show that this is a prevalent idea Norris and Landis stated “In 
most instances the tissues m the immediate vicmity of the peiforations act as a 
valve which permits the air to enter the pleural cavity during mspiration and as 
the respu-atory movement is reversed the valve closes so that no air can escape 
As a result, air accumulates in the pleural cavity under pressure”. 

Chandler stated “With every inspiration, air comes out through the valvular 
tear mto the pleura, with every expiration the valve closes and the air is im- 
prisoned m the pleuial cavity” Ellison and Carabelli stated “Forceful in- 
spiratory effort, as in crymg, pumps enough air mto the pleural space to exert a 
'positive pressure duimg the inspiratory phase of quiet breathing” These 
quotations are typical of many found m the literature (275) Gas does not con- 
travene the known laws of physics, merely because there is a “valve vesicle” 
present. Let us set out the undisputed facts in logical order, and there can be no 
doubt as to the conclusion 

(1) Air wdi not flow from a pomt of lower to a pomt of higher pressure, but 
will flow from one of higher to one of lower pressure 

(2) Air does flow mto the pleural cavity from the lung, either directly or m- 

directly by way of the mediastinum, to produce pneumothorax ^ 

(3) Therefore, to produce pneumothorax, the pressure m the lung must be 
higher than that in the pleural cavity 

(4) Air in the lung can never be under a pressure greater than atmospheric 
durmg the phase of inspuation, inasmuch as the lung is open to the atmospheie 

(5) Air m the pleural cavity can be under a tension much higher than atmos- 
pheric 

(6) Therefore, air does not escape from the lung through a valve vesicle mto 
the pleural cavity durmg inspiration, once the pressure m the pleural cavity 
reaches atmospheric It does escape durmg mspiration until the pressures are 
equalized on both sides of the pleura 

(7) Air m the lung can be under a pressure much greater than atmosphenc 
durmg the phase of expiration, as m cough, or when the glottis is closed, and 
strong expiratory efforts are made as m defecation, or when strong efforts have 
to be made to expel the air from the lung, as m asthma, stenosis of the airway, etc 

(8) Therefore, in all cases m which the air m the pleural cavity is under a pres- 
sure at least equal to that of the atmosphere, all further additions of air m the 
pleural cavity occur only durmg the expiratory phase 

We may conclude therefore, that air enters the pleural cavity which is under a 
pressure greater than that of the atmosphere, only when the lung is in the act of a 
forced expiration 

Novak and Churchill recogmzed this fact and stated, “If pleural adhesions are 
- present, the tear on the surface of the lung m spontaneous pneumothorax is kept 
open and air is forced mto the pleural cavity by coughmg and forceful expiratory 
effort, thus btuldmg up a positive pressure m pneumothorax”. We feel safe to 
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say that one does not develop a tension PT unless there is a cough or a forced ex- 
piration of some =ort Thus, m Elghammer’s patient a tension as high as 48 mm 
Hg developed, and 21 aspirations had to be performed before the pressure fell to 
and mamtamed itself at the proper level There was a lustory of very severe 
couglung It IS true that not all accounts of tension PT mention the severe 
cough, straming movements or foiced expiratory efforts, because they have 
failed to realize the sigmficance of these for the development of tension PT 
When it is understood, these forced expirations ivill be recorded m such histones 
The air, of course, will flow from lung to pleural cavity dunng inspiration in the 
beginnmg, until both are at atmospheric pressure, but after that will not go from 
lung to pleural cavity except during expiration 
Tension PT may be caused by PIE as well as by ruptured blebs on the pleura, 
and therefore it is dealt ivith here It is evident that tension PT can develop only 

in the event of the exciting cause still contmumg, as it would in cases of asthma, 
foreign body with cough, etc With forced expiration, more air wouldbe blown 
mto the vascular sheaths, make its way toward the mediastmum and from thence 
escape into the pleural canty If the tissues prevented the return of air from 
pleural canty to mediastmum by means of a one-way valve, a tension PT could 
be built up with each succeedmg forced expuratory effort Relief of this excess 
pressure is of course imperative 

Pneumoprecordium In the ex-perunental animals (188) air extended forward 
around the heart, between the layers of pleura and pericardium The same thing 
happens m man When the heart contracts it is enveloped by a blanket of large 
air bubbles, ivith the result that there is a loud crepitation which has been given 
various descriptive terms, includmg “pericardial knock” Many authors have 
called attention to it Lister, m 1928, leported this sound m a patient who had 
PT, and Hamman (123, 124) described it in a senes of seven patients It may 
sometimes be heard some feet away from the patient, to his alarm and that of his 
family 

The air has usually been thought to be in the pericardial sac, but m the ex- 
perimental animals, except in a single recent case, it was outside it Busm, to 
whose article we have not had access, desenbed pneumopericardium m a patient 
who had bilateral spontaneous PT Not all patients with spontaneous PT de-' 
velop air over the heart, if one assumes that mr in this location is accompanied by 
pericardial Imock, for the latter is so unmistakable that the patient is certam to 
mention it If the air is present in a large amount it would tend to press upon the 
heart, and upon the coronary vessels, and so further impede the circulation 

H Obstructive Emphysema 

There is a typo of emphysema known as obstructive, m wluch a bronchus is 
partiallj but not wholly occluded by some object such as a foreign body In 
inspiration the lumen of the bronchus wdens, thus allowmg air to get past the ob- 
struction mto the lung behind it In expiration the bronchial lumen narrows, 
and closes about the object, thus blocking the exit Some obsen ers have hold 
t at such a mechanism permits of the building up of a pressure higher than at- 
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mospheiic m the occluded poition of the lung thus distending it (31) , others 
have affirmed that it builds the pressure up to atmospheric, so that air then con- 
tinues to ebb back and forth past the obstruction, the pressure being the same on 
both sides (179) It is difficult to see how any interpretation othei than the latter 
could be correct, for au , like all fluids, flows from points of Inghei to those of lower 
pressure It is true that in the occluded region the pressure would rise above 
that of the atmosphere on expnation — that is, if the an in the region involved had 
no escape by way of the pores into the smioundmg lung substance — and this 
pressuie iise would be particularly evident after /orced expiration, but the pres- 
sure would again drop to atmospheric as the next full bieath was taken, and the 
elevation of the ribs and the descent of the diaphragm enlarged the volume of the 
thorax, and as the lung behind the obstruction was again in commumcation with 
the atmospheric air 

Although the pressure is not raised above atmospheric by such an obstruction, 
in inspiration, it is possible to mcrease the volume of that lung up to the point of 
maximum mspiiation, as is shown by figure 7 of Biennemann It might be 
asked why, with tins maximal distention, rupture of the alveolar bases does not 
occui , and PIE result That question cannot be answered unreservedly, but it 
would appear that in these cases, although there is hyperinflation, so that ex- 
ternal Factor A is operating, there is probably a dilatation of the blood vessels in 
the lung, thus keeping the volume of the vessel sheaths constant PIE does not 
appear m obstructive emphysema, if one is to judge by the description of chmcal 
findings m this condition 


III DISCUSSION 

No attempt has been made to refei to all of the hterature which mdicates that 
PIE as judged by the presence of its sequelae has been present Representative 
papeis have been reviewed, and these, for the most part, are recent Most 
published explanations of the phenomenon of air m the mediastmum we believe 
to be incorrect, but deference is due to those writers who, lackmg the key to the 
route of this an from the lung, neveitheless recorded their obsei vations accurate- 
ly Special tiibute should be paid to those Amei ican physicians who, during the 
ciitical influenza epidemic of 1918-1919, although they had little time for any- 
thing but the care of their patients, yet nevertheless put down their observations 
for the use of their fellow scientists 

While we have attempted to describe the varying disease conditions m which 
aberrant air has actually been found, it may well be that we have not noted all m 
, which it may be present, and thus it is more than probable that, m the futuie, it 
ivill be encountered m cases not yet mentioned as exhibiting this complication 
Atelectasis of apart of the lung, whethei that atelectasis aiise through failure of 
the lung to expand at birth, through blocking of the airway by some substance 
foieign to the body, or by a growth or by mucus oi pus m the ainvay with lesorp- 
tion of ail ,' 01 thiough crushmg forces which collapse part of the lung, mdeed 
atelectasis, no matter what its cause, may act as a trip-hammer to set off the 
tram of events leading ultimately to the mvasion of the interstitial tissues of the 
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body by an from the lungs Depletion of blood til the streambcd of the pulmonic 
vascular system, combmed rvith (1) hypere\panded alveoli, or (2) excess pressures 
m the alveoli, is the second mechanism favormg escape of air from the alveoli 
into the interstitial tissue of the lung, particularb the vascular sheaths In- 
creased inlrapulmonic pressure alone may cause rupture 
This, then, is the theme, the prmcipal motif of this paper, that pulmonic inter- 
siitial emphysema and its sequelae — air in the mediastinum, peritoneal cavity, sub- 
cutaneous tissues, plewal cavity — are present in many conditions, differing widely 
in their causes, their clinical manifestations and in their sei lousness, but all having a 
single common factor of pressure gradient between alveoli and vessel sheath, and 
hence an opportunity for air to gain access to the interstitial tissues of the lung 
There are two accessory themes, as follows (1) the presence of this “pneumap- 
athy" or air sickness, is usually unsuspected and its manifestations are often re- 
garded as part of the disease syndrome Thus m pneumonia, or in any acute in- 
flammatory process m the lung, one might consider that all the dyspnoea and 
cyanosis are caused by the lowered area of lespiratory surface exposed to the 
oxj gen But m a pneumonia which mvolves only a lobe of one lung, or less than 
a lobe, there is probably more available space for taking up oxygen than the pa- 
tient needs Let us suppose, howexer, that PIE occurs It is m the hyper- 
inflated area that the rupture occurs, that is, in the very region that is supplying 
the air therefoie, it is m the part attempting to carry on oxygenation that the 
vessels are most likely to be compressed Much more of the lung is useless for 
gaseous transfer, then, than would be indicated by the area involved in the con- 
solidation 


The more extreme the dyspnoea, the more likely is air to pass from alveoli to 
sheath, and theiefore, the more likely to compress the vessels still further, and 
to exaggeiate still more the pressure gradient existing between the circle of al- 
veoli and the vessel lumen As the an travels to the mediastmum, it exerts pres- 
suie on larger trunks whose smaller branches might not have been encroached 
upon by the air When it finally leaches the mediastinum and presses upon the 
large veins entenng the heart, venous return is interfered with not only from the 
lungs, but from the entire body, so that stasis and cyanosis supervene These 
manifestations may bo, indeed, not a part of the acute infectious process but of 
air m the interstitium of the lung ’ 


This assumption th it part, at least, of the dyspnoea and cyanosis of patients 
suffering from a pneumonic process is caused by interstitial air compressmg the 
pulmonary and mediastinal vessels, rather than altogether by lung consohdation 
IS justified by the experience of Torrey and Grosh, who found that the dyspnoea 
and cyanosis lessened materially when the mediastmum ruptured and air e rJ 
into the subcutaneous tissues of the neck The relief of d\ spnoea and cv^L^is 
m the newborn when air ms removed from the mediastinum bv a r,r^,li me 
117, 283) shous tliat PM can be responsible for these sy-mptoms * 

Intlusconnectionanmterestingropoit'nasmadeoverfricp-ir-n^ n i- ^ 

and Roderick concerning a cluld who had died of diphtheri Enart 

tensive mcdiastmal and subcutaneous emphysema, and tecught^ t d^h v^' 
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due to “cardiac and pulmonary embarrassment set up by the increasing disten- 
tion of areolar tissue of the anterior and posterior mediastma and the roots of the 
lungs ” The heait had stopped m systole, which they considered to be due to the 
fact that the pressure of the sui roundmg lungs prevented the i elaxation of diastole 
They distinguished between the emphysema around a tiacheotomy wound, which 
they called “mspiratory” emphysema, and that found in their patient, which they 
designated “expiratory” emphysema, smce they thought that it was caused by the 
violent coughing of the patient As we pointed out before, the emphysema which 
occurs m the presence of a tracheotomy wound may have the same cause as the 
emphysema which occurs before tracheotomy, so that it too, may be “expiratory” 
m origin 

The experimental work of Humphreys, Moore and Barkley also confirms this 
idea that the dyspnoea, cyanosis, faihng heart of the patient m diseases involving 
inflammatory reactions in the respu’atory tract may be dependent upon PIE and 
PM and their effects rather than upon the imtial disease They studied pul- 
monary pressures during inflation of the lungs of dogs They found that the 
mere presence of these distended lungs in the thoracic cavity so presses upon the 
heart that it is prevented from filling with blood, hence from sending out blood to 
the lungs We would add that as the vessels fill less and less with blood, a pres- 
sure gradient is created, or the steepness of the gradient already created by the 
hyperdistention of the perivascular alveolar bases is heightened, and rupture may 
occur The air m the vascular sheaths then compresses the vessels, so that even 
should the heart be capable of sendmg out blood into the lungs, the lumen of the 
vessels is too compressed to admit of much blood entering The hyperdistention 
which at first was caused by excess air mthin the alveoh, now is continued, even 
after cessation of mflation of the lungs, by air within the interstitium, so that the 
heart contmues to be compressed Collapse of the lungs durmg expiration be- 
comes difficult or impossible, hypennspiratory efforts are made to draw new 
air mto the lungs, thus assisting in still fuither heightening the pressure gradient 
and contmumg the leak The dyspnoea, cyanosis, failing heart in such cases 
would be caused not by the pneumonic process, but by the presence of aberrant 
air 

The only externally visible manifestation of this condition is the subcutaneous 
emphysema The next most frequently diagnosed sequel of pulmonary mter- 
stitial emphysema is pneumothorax, and this, if small, goes unrecognized without 
the aid of roentgenograms Since both of these conditions aie probably far less 
frequent than air in the mediastmum, and that, in turn, probably less frequent 
than air in the interstitial tissues of the lung, we feel that the latter condition oc- 
curs far more often than its presence is suspected 

Not only may the effects of PIE and PM be misinterpreted, and be regarded as 
the symptoms of the disease responsible for the PIE and PM, but they may 
simulate heart disease, m persons in whom the PIE and PM may be present as in- 
dependent climcal entities, not accompanying any other disease. Thus m 
healthy persons in whom the aberrant air is the result of strenuous exercise or 
sudden respiratory effort, the pam caused by the air m the mediastmum or m the 
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pleural cavities may so simulate heart disease that a mistaken diagnosis is quite 
possible Master, ICalter and Dack report spontaneous pneumothorax in a pa- 
tient in whom all symptoms pointed to acute coronary occlusion The changes 
m the electrocardiograms were suggestive of myocardial infaiction, with ab- 
normalities in the precordial lead consisting of mversion of the T-wave, and a 
very small or absent mitial positive deflection These workers stated that these 
alterations were probably due to rotation and displacement of the heart caused 
by air in the pleural cavity Roentgenograms revealed the PT, and with the 
absorption of air, and re expansion of the lung, the electiooardiographic tracings 
returned to normal 

We have referred to the fact that PM causes angmal pains, and it may be that 
the electrocardiogram in PM unaccompamed by PT might show siimlar devia- 
tions from the normal We have not seen such observations recorded We em- 
phasize that PIE, PM and PT may eironeously be diagnosed as heart disease, and 
should be thought of when a history of anginal pain is ehcited 
The presence of PIE and its sequelae may be unsuspected or incorrectly diag- 
nosed as an acute abdominal condition when the air has escaped into the retropen- 
toneal spaces Acute abdommal sjrmptoms, especially when somewhat obscure 
as to their cause, may be caused by PRP When exploratory laparotomy has 
been performed, and no lesion found to explain the sj mptoms, PRP should be 
suspected A roentgenogram of the chest before the operation, or of the abdo- 
men, would yield the correct diagnosis in such cases 
This brings up the point of the value of the roentgenogram m the diagnosis of 
PM Its value in PT has already been recognized Although PM can be diag- 
nosed by the peculiar crunchmg sounds in the chest which are synclironous with 
the heart beat, (provided that such sounds are present, of course), the absence of 
these sounds does not preclude the presence of PM It may merely be tliat the 
air bubbles are not in the mediastmum at a level at which they can be pressed 
upon by the beating heart If SE does not occur to mdicate that PM is present, 
the lattei may go unrecognized, unless proof of its existence is furmshed by a 
lateral roentgenogram of the chest The usual antero-posterior view is usually of 
little value m the diagnosis of PM since the presence of air behind the sternum is 
obscured by the bony structures in front of it The lateral view will reveal the 
presence of air m the mediastinum whether behind or in front of the heart, and 
also m the superior mediastinum above the heart In patients m whom the his- 
tory IS at all suggestive of the possibility of PIE and PM being present, (the 
numerous diseases and conditions m winch PIE and PM may be found have been 
outlmed in this paper) lateral roentgenograms of the chest should be made, 
either to confirm or exclude the diagnosis of an m the mediastinum 
The second accessory theme of the paper is this pneumomediastinum, which in 
the majority of instances is dependent upon a preceding pulmonary interstitial cm~ 
physema, has been regarded as alwajs of bemgn nature, the only danger being 
that the physician is likely to give too grave a prognosis We wish to emphniiizo, 

from the evidence presented in this paper, both experimental and deduced from 
cluucal records, that this condition is to be regarded as potentially senous, hccaubo 







V/ ' V /'r V 


'///', <// 

V / /A 


-A 


V A 


55 xr-e’- 


yr'//.> ''• '2 7-: iT, :s, ;:" -^^324,1:5 

} /It ,77, .74. '27-i. 2;s- 22?, -222. -zs.223 223 -si 


%V,t W,j '/A%;///. '//A, AA., 272 2'/2 227, :32S- eSl, >34 . 37-j?t 'ife 


f‘-yn A/ /' //Avvaa. A t^x.^orf^xrj&sxs—xsxixiixixs 

> '///,<' Ui>/t*/ ,A /' ^4 '•; y/ }!/j„iy -of ?IZ cr P3i5- As'AcJ^J--^ 

Ilf ' ‘Jty/i ,j th'n'' i',y/i'' , 'fJJ v.ltiiSiir LCt'xxIivdsniciisiK 

liii^hii' ihi'iio < /,h‘:i ‘Uinir/JiU-, <)( ,it 5AuV;p-,y, or m tLe TSHCciar slieatisssii'Xi 

HI iMl Ht U i‘Hi', w jAf, /// yp; ;it 'iutop^/' Clinicians wiii knovT ■s’^ 
i‘\i'i.mi\iiUiiii’‘ '/\‘) < /fih<,h ihh y;/4ro;no, and ^<ill prevent it when possihleui os- 
//Ihli I/' lii'iiii iJfi'iiii'/iJ'/) Htyi', U, U<t,i occurred 
I'lt.iiiiKffli IffH mil// 1/(5 W/'A'd Ui mimy inwtances by the withdrawal of ait 
Uiu i)t('i|li(‘i(/jliiiiU/ III' fi'om Ute plf-uml cavity when it is under tension there, t- 
)/ii/(ii<ii(/ mil’/ (Ijf* (4), An inummnlalion of adverse cuculatory and respirator 
mii,y (U'uvu inn tuiviwo for tlio patient, unless the condition is relieve 

f'lH'IVi 

ll’ idi'lu('l') Hit Well UH 1*1 1'l, lt( pmunit, that is, if the air in the interstitial tisw 
lli liuli||ll|‘< iJiu lili))^ IucIumI 111 a puiiiiion of inspiration, one might question nhet ' 

I’l'IoiiMc of illr I'l’iiiii I, lit! iiitHliiiMliimim aloiio would sufiice to w eight the seal© 
ill V«ir ul' rt't'tiV('i',Vi AltUuUfdU romuvnl from tho mcdiastmuih of its containe a 

Uwtioida, Uio partial lelief of piessuieonthehea 

lUUl \ I'-Mi'ln mtphi' wi'll ho oullioioul) (o tiilo the patient ovei until the air m these 

in ouuld ho lofioi'hoih , 


it hull hoou imtod (hat lu poroona iu wiunu Plhl or PM is present there is ‘ 


M M'V* nvm'vi tn vr XO 1 

\s\ hivUUl p\\"»'i\uo, M'hla mik\ ho (ivo ivault of sovoval factors acting alone, er^ 
piM\\0V! \\) (\\\' \vMunia on (ho a>'>lcinic side bi ought about y 

IhUhod h\iph a(\'\,N WW'XxnuoWtSv mnl hy (ho oompiYSsion of the pulmonary ar 

iH\\l \OOV. pp'ViMmipV, h\vKV\ .Vtthijs: iutv> tUo leu side of the heart, (2) 

ahd\K\ \ii U\0 hv\Ua (o dU owiuvt Vvi (ho distoxuiou of the surrcundIngla®S=> ^ 

p\^^ o\\v^ u ^ o\\\l V\S tho p\\v^ 4 i\\v upon i. of IVvihHos of air in the 

h'A \ \\P 1 \>'0 svf I ho pwv^'OUY u\ (ho uxOvihuihwPn iVdion and Pmnets loun 

too hhv.il pty . v\\,y i o'h' oo iho in Poo tnoviiastirnrn tise?-. ^ 

h 20 \\hOvnvVA 0'‘ (vvhow xuuohxonuvrossiott xi onn n'r.ntt:r'r-oss-45^^^^^ 
XWihOWH \ tOxoi 0\vx^'0\^^o v^-OxSOXvv IxOpvXtSxVX X. ni -x ,arr — -- > 7'**'j'2gre‘ 


XSXP\HP\ o^-^OA \A0\'.AA "Ui nN.txxi x\xi xf xho xWtA-XCx A'-j? ~ 


V'l X tiO 0 lA X\\ X X VA Os X xx''.y'' x\x nt ho xK 


EMPHYSEMA OP LUNGS AND MEDIASTINUM 


349 


.vrtenal oi venous pressmes When 60 to 85 per cent of the artery was occluded, 
the cardiac output fell as did the blood piessure Obstruction of more than 85 
per cent of the cross section of the aitery always proved fatal 
A number of points still have to be mvestigated How much does the pressuie 
in the mediastinum hai e to bo above its normal level to rupture mto the pleural 
cavaty? How gieat a variation in this respect exists between various species, and 
between individuals m the species? What pressure has to exist in the medias- 
tinum before an dissects its ivay into the cervical fascia? What pressures are 
safe in adimmstering an anesthosic when the thorax is mtact, when the thorax 
IS opened? Does the dcgiee of difference between air pressure m the alveolus and 
m the supporting tissues necessary for rupture differ at varymg pressure levels? 
For example, if when the pressure on the chest wall is atmospheric, and that 
watliin the alveolus 25 mm Hg above atmospheric, lupture were mduced, would 
the gradient still have to be 25 mm Hg or more, or less, when the mtra-alveolar 
pressure was atmospheric, and pressure on the chest less as in Griffin’s dogs? 
Does the pressure gradient have to be less steep when an infectious process is 
present than when the lung is not pathological? Does the age of the patient 
make any difference? Does the sex of the patient make any difference? Do 
males show sponaneous PT far more often than females because there is an in- 
herent difference between the sexes m susceptibility to rupture, or do males make 
more violent expnatory efforts in strenuous work? Women m ehildbirtli prob- 
ably make much greater efforts than most men m theix work Does the pres- 
suie gradient which induces rupture of the capillaries mto the alveoli have to be 
steeper than that which mduces rupture of air into the vascular sheaths? ■ If so, 
how much steeper? These and many other questions about the problems of PIE 
and PM remam to be settled 


rv summahy 

There are many clinical cases in which the presence of air in the tissues of the 
lung IS not suspected, and in which its effects have been regarded as bemg pro- 
duced by the primary disease itself, rather than by the mterstitial air There 
are many other cases in which air is recognized as bemg present in the pleural 
cavities, in the subcutaneous tissues of the neck, trunk, etc , m the retroperi- 
toneal spaces or in the peritoneal cavity, but m which the method of escape of air 
and the route it followed is misunderstood Because this air m the pulmonary 
interstitial tissues may cause death through airblock, if it is not removed, the 
chmcian must become awai e of the conditions which predispose to its appearance 
These conditions may bo divided into three categories (1) those m which there 
IS first an atelectasis of some part of the lung, follow ed by hyperinflation m ad- 
joinmg regions of the same lung or in the opposite lung, (2) those in which there 
IS a general overinflation with or without incieased mtra-alveolar pressure, (3) 
those in which there is evident a decreased blood supply to the pulmonary vessels 
preferably either with incieased intra alveolar pressure, or with hyperinflation 
ihe mode of escape of air is the same in these three classes, namclj , through 
ruptured al\ eolar bases into the sheaths of the pulmonary v coseks, and the chmcal 
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picture may be the same in all, with any of the following conditions either alone 
or in combination air in the mediastinum, m the thoracic cavity, m the sub- 
cutaneous tissues of the face, neck, chest, axillae and body, m the retropeiitoneal 
spaces from whence it may rupture into the peritoneal cavity, around the peri- 
cardium, in which event a pericardial knock is heard There is dyspnoea and 
cyanosis when the pressure in the mediastinum rises too high, limitation of 
respiratory movements with the chest becoming fixed in a position of Tnavimal or 
submaximal mspiration when the air either distends the mediastinum, or gets mto 
the connective tissue septa of the lung The air may giadually be resorbed, and 
the patient recover, or it may mcrease in seventy and the patient may die 
The piecipitating cause of this tram of events may occur m a wide variety of 
conditions, but is always a piessure giadient fiom an m the alveoli to perivascular 
sheath or underlying septa, leading to alveolar rupture and formation of pulmo7 
nary interstitial emphysema. 

Air leaks from the overstretched alveoh into the sheaths oi adventitia of small 
branches of the pulmonary arteiies and veins, (Factor A), or from alveoh, sur- 
rounding blood vessels not filled to the normal extent with blood, (Factor B), the 
alveoh being either normally expanded or hyperinflated, under atmospheric 
pressure or piessures above atmospheric The bubbles of air press upon the ves- 
sels occludmg their lumma pi oducmg airblock, and may leak mto the interlobular 
connective tissue, causmg airlock 

It makes its way along the vessel sheaths to the mediastmum, where it presses 
upon the large vessels at the base of the heart It may be removed from the 
anterior mediastmum 

It may make its way upwards mto the neck, face and axillae, thence down over 
the chest and arms, givmg rise to subcutaneous (eironeously called ‘'surgical”) 
emphysema i 

It may make its way downwards along the aorta and oesophagus mto the retro- 
peritoneum, and may rupture mto the peritoneal cavity Symptoms produced 
by air m the abdommal cavity may simulate acute abdominal conditions for 
which opeiation may be mistakenly performed ^ 

It may make its way forwaid over the heart, whence it may give rise to a loud 
crunchmg sound, “Hamman's sign”, with each heart beat 

It may tiavel lateially mto the vessel sheaths of the other limg, or backward 
along sheaths of the same lung mto aieas m which there is no leakage 

It may rupture the mediastmal waU producing pneumothorax Collapse of 
the lung tends to stop the leak, except m cases m which there is violent cough 
Tension pneumothorax may result from air escapmg from the mediastmum, 
but the tension is built up not durmg inspiration, but durmg foiced expiration of 
cough or when the glottis is closed and the mtrapulmonary pressure rises above 
atmospheric 

Air continues to leak as long as the factor initiating the original break is opera- 
tive In some instances, the leak appears to be favored merely by lespiratory 
movements, especially if they are of a d3^pnoeic character 

The factor responsible for moving the air along the sheaths is the lengthenmg 
and shortenmg of the bronchi m normal respiration. 
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Pain may possibly be caused by air pressmg upon the pulmonary and medias- 
tinal vessels, simulating angina peotons 
Circulation is interfered with by the collapse of the pulmonary vessels produc- 
ing airblock, causing venous stasis, and givmg rise to cyanosis 
Respiration is interfered with by the splinting action of the air m the connec- 
tive tissues of the lung causing airlock, preventing the escape of aur in expiration 
and giving rise to dyspnoea , 

The heart action may be interfered with in three ways (1) by being pressed 
upon by the distended lungs which prevent its filling, (2) lack of blood to 
fill it, because of systemic and pulmonic venous congestion, arismg through pres- 
sure by air bubbles on vessels, and stasis, and (3) by direct pressure upon it by 
air bubbles m the precordium, and in the posterior mediastmum 
Factors predisposing to leakage are apparently toxins of certain mfectious 
diseases, particularly influenza, and perhaps an mhented constitutional weak- 
ness of the alveolar walls 

Once the leakage has begun, the pressure necessary to contmue the leak need 
not be so high as that imtiatmg the rupture 
When air escapes from the mediastinum into the subcutaneous tissues, or into 
the retroperitoneum or even into the pleural cavities, provided that it does not 
produce a bilateral pneumothorax, or a tension pneumothorax, the condition is 
likely to be benign, smce the pressure in the mediastinum is relieved If the 
leak contmues, and builds up higher pressures m the mediastinum than can be 
relieved by the avenues of escape, the condition, origmally benign, may become 
malignant 

It IS when the air cannot escape from the mediastmum and the pressure rises 
too high that the condition becomes malignant 
Atr in ihe mediastinum and inlerslilial tissues of the lung may he ociult, un- 
recognised hy means of visible manifestations It accompanies a vnde variety of 
clinical conditions and respiratory diseases 
Especially when it is occult it may be malignant, when it is malignant it can be 
fatal 

When its presence is diagnosed, it may be withdrawn, and thus the patient’s life 
may be saved 
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I. INTBODtrCTION 

Since the independent discovery m 1906 by Wassermann, Neisser, and Brack 
(296) and by Detre (54) of the complement fixation test for syphilis, and the sub- 
sequent development of flocculation tests which bear the name of their origmators, 
reliance upon these tests has passed through seveial phases. At first they were 
used only to confirm clmical diagnoses, and there developed an extensive litera- 
tui-e on the diverse conditions which were considered to cause the positive tests 
encountered in patients without chnical evidence of syphihs In view of the 
clinical nature of S 3 q)hihs, howevei, with its asymptomatic stages, latent syphilis 
could never be excluded m such cases As laboratory performance was improved, 
physicians gradually developed so much rehance on the tests as to regard them as 
the primary basis for diagnosis, to be supplemented by clmical evidence The 
tests were apphed on a wide scale in serologic “dragnets” to detect unrecogmzed 
cases, and even became the legal basis for the diagnosis of the disease m many 
premarital and prenatal laws In the last decade, however, the pendulum-has 
swung back agam It is bemg mcreasmgly recogmzed that a serum which is 
positive even to a vanety of procedures does not necessarily prove the presence 
of syphilis. 

Although Scandmavian workers have reported durmg the last decade the oc- 
casional development of transient false positive tests m a variety of diseases, m 
America the importance of this problem has been -brought to the foreground only 
durmg the last four years by Dr J E. Moore and associated workers at the 
Syphihs Clmic of the Johns Hopkms Hospital (76, 77, 215, 217, 219) Evidence 
has been presented (214) that transient false positive tests may appear even m 
the absence of demonstrable disease, and m some cases may persist for a long time 
The "social stigma attached to syphilis causes a psychological trauma which ob- 
viously demands considerable effort to avoid an erioneous diagnosis. Besides, 
a positive test m a candidate for induction mto the armed forces of the TJmted 
States may be the basis for rejection, and the acquisition of syphihs by mihtary 
personnel is seveiely penahzed The possibility of an appreciable mcidence of 
false positive leactions m apparently healthy mdividuals is theiefoie a matter of 
mflitary importance. The Committee on Medical Research of the Office of 
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Scientific Research and Development has consequently organized m several um- 
versities a search for differences between true and false positive sera This 
review is ivritten m connection with such a project 

Discussion of biologic false positive tests is complicated by the fact that the 
serologic tests for syphilis do not furnish uniformly reproducible measurements 
Smce the rehabilitjr of these tests is of great importance to the pubho health, 
there have been a number of evaluation studies to stimulate improved stand- 
ardization and performance and to ehrmnate the less reliable procedures The 
Health Organization of the League of Nations held such conferences m 1923, 
1928, and 1930 A number of surveys which have been held in the United States 
smce 1935 will be discussed later As a result of these surveys the reliabihty of 
the tests has been greatly improved, many madequate procedures have been dis- 
carded, and standards of performance m state laboratones have been raised 
Even with present improved standardization, however, there is still considerable 
instability of the sensitivity of a given procedure, so that conflictmg reports be- 
tween different laboratones, or between successive tests m the same laboratory, 
are frequently encountered with syphihtic sera of borderlme reactivity In view 
of the possibility of evcessive sensitivity, as well as the possibihty of clerical 
errors, a smgle positive report cannot be considered vahd evidence of syphilis 
or of a biologic false positive reaction 

With these considerations in mind, it is obvious that many cases which have 
been reported as biologic false positives were undoubtedly technical false posi- 
tives In this review reference is made to very few papers written before 1930, 
when adequate standardization had not yet become widespread As far as pos- 
sible, all reports since that date are noted which are concerned with false positive 
tests m various diseases, although much of even the modern work was performed 
under less than ideal conditions An effort is made to distinguish the more reli- 
able reports, but the mcidence of false positive reactions m vanous pathological 
conditions iviU ultimately have to be inferred from the mass of evidence from a 
variety of sources The numerous conflicts among reports on the mcidence of 
false positive tests in various conditions are largely a reflection of the variation 
m sensitivity of the tests as performed m vanous institutions * 

For a discussion of earher serologic results and of technical details the reader 
IS referred to Eagle’s monograph (71) Kolmer (173a) has recently reviewed 
the problem of false positive tests , 

II INCIDENCE OP FALSE POSITIVE TESTS 

1 Cntena of Diagnosia 

The clmical literature presents wide vanation m the criteria used for estabksh- 
mg a case as false positive Unfortunately, arbitrary serologic criteria, based 

’ While the evaluation of flocculation teats ot strictly defined procedure 13 complicated 
by variation in sensitivity ot lota of antigen, the complement fixation (Wassermann) testa 
provide contuaion doubly compounded (121) Although there are veil standardized com- 
plement fixation tests (Eagle, Kolmer), moat laboratories report complement fixation tcata 
simply aa “Wassermann tests” or “modified Wassormaun teats” which vary from one labo- 
ratory to the next in the preparation of the antigen and in every possible detail of per- 
lormancc ^ 
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upon discrepancies between various kinds of tests, have often been used This 
practice must be strongly condemned, smce syphihtic as well as false positive 
sera may show such discrepancies (207). A purely serologic criterion of another 
kind may be used as the basis for diagnosmg false positive cases— those which 
are positive to one or more types of test but which become negative after a 
few weeks or months without antisyphilitic treatment Such transient reactions 
are usually associated with acute infections. The reliability of these cases de- 
pends on the rehability of the laboratory which performs the tests and upon the 
demonstration of more Gian one positive blood specimen (preferably to more than 
one kind of test or to the same test m two different laboratories) before the tests 
become negative, in order to eliminate the suspicion of technical or clencal error. 
The necessity of demonstratmg repeatedly positive reactions has been more con- 
sistently recognized m the Scandmavian than the American hterature 

Exclusive dependence on transient reactions, however, will probably not detect 
all cases Much more difficult to evaluate are the positive reactions which per- 
sist for long periods of time without evidence of syphilis The criterion here 
must be pnmarily clmical rather than serologic, the rehability of the diagnosis 
being proportional to the adequacy of the history and physical examination which 
fail to provide evidence for syphilis As Stokes has stated (quoted m 219), 
“(there are) mstances m which one Wassermann test wiU convict a laborer over 
Ms own demal, two will make a case against a banker or a railroad president, 
but three successive positives will scarcely convmce the medical adviser of the 
'guilt' of a clergyman.” Most of the papers to be discussed below omit considera- 
tion of persistently positive cases, and imdoubtedly frequently err in the other 
direction by includmg technical false positives 

U. S. Evaluation Surveys 

Original Methods Evaluation Surveys were held m 1935 (47) and 1941 (240) 
by the Committee on Evaluation of Serodiagnostic Tests for Syphilis, composed 
of representatives of the U S Public Health Service and the American Society 
of Clinical Pathologists A large number of authors or representatives exammed 
by their own procedures 200 or more seia from patients m various stages of 
syphilis, and sera from patients with diseases known to give rise to false positive 
tests (leprosy, malaria), from normal mdividuals, and from various types of 
patients in whom the presence of syphilis had been excluded as completely as 
possible “Sensitivity” refeis to the percentage of positive tests obtained m the 
syphihtic cases, “specificity” to the percentage of negative results in the non- 
syphilitic cases 

In addition, smce 1936 aimual surveys have been earned out for the purpose of 
establishing standards of laboratory performance Syphihtic and normal sera 
were tested by the authors of seven approved tests and by a number of state and 
other laboratories which use these tests The standards set for approval of a 
laboratory were that its results should be not over 10% less sensitive than the 
ongmator's results with a given test, and the specificity should never fall below 
99 0% The results of these surveys have served as the basis for altering from 
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year to year the preparation of the antigens m order to reach the goal of maxi- 
mum sensitivity without fafhng below 100% specificity 
In Table I are presented the summanzed results obtained by the ongmators of 
these seven tests m the various surveys These values were recalculated 
accordmg to the system in use smee 1940, m which doubtful reports are credited 
or penalized with one half the value of the positives, specificities were determmed 
on normal sera The variations m apparent sensitivity from year to year are of 
no significance smee the syphihtic population tested varied in each study, but 
companson of the various tests withm a given study sliows rather marked vana- 
tion m sensitivity Thus the Kolmer complement fixation test was distmotly 
less sensitive than the flocculation test m the first two surveys, givmg nse to 
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tion procedures have been vadely used, but we have no way to compare their 
specificity with that of the tests listed m Table I 
The mcidence of false positive tests, when performed under optimal conditions, 
thus appears to be very low, but there are two reasons why one cannot conclude 
from these data that the problem is statistically neghgible First, the committee 
chose as non-syphilitic controls cases which offered no reason to suspect syphilis— 
which would automatically exclude (except m the leprous and malarial groups) 
cases which were positive to several or all of the tests Secondly, as^was empha- 
sized by Kahn (143), a high specificity is deceptively reassurmg, smce the number 
- of non-syphilitics tested in routme hospital admissions or other dragnets is so 
much higher than Jhe number of syphihtics Hence, m a population of which 5% 
were syphihtic, a test with 99 5% specificity and 80% sensitivity would give 
0 5% false positives and 4 0% true positives If the diagnosis were made on a 
serologic basis alone, one nmth of the cases treated would therefore not have 
syphilis. 


5 General Incidence 

(a) Incidence in Normal Individuals The only large scale study of the mci- 
dence of presumably false positive serologic tests m normal mdividuals is that 
of Eagle (72), who collected the results of tests on 40,545 students m a number of 
colleges The procedures used in the various mstitutions were not given Of 
the 73 positive and 117 doubtful cases only 40 were positive and 22 doubtful on 
retesting, 21 of these 62 cases were diagnosed chmcally as syphilitic and 5 had 
had treatment which may have been based only on serologic^ grounds The 
remaimng positive and doubtful cases represent an mcidence of 1 : 1,250 By 
statistical analysis of the high correlation of these presumably false positive tests 
with the mcidence of proven syphihs m certain schools. Eagle Inferred that ap- 
proximately 70% of these positive reactions were probably syphihtic, leaving an 
mcidence of biologic false positives of only 1.4000 He concluded that “ the 
mcidence of such reactions would appear to be sufficiently small to justify, as a 
general pubhc health measure, the ffiagnosis of syphilis m chmcally normal per- 
sons givmg repeatedly positive serologic tests, even m the absence of chmcal 
evidence or history of syphilitic infection It must be emphasized, howevei , that 
this conclusion is valid only for the particular group of young, normal, white 
adults here studied ” 

In the mdividual case, however, exception to this rule may be taken, as was 
pomted out by Mohr, Moore, and Eagle (214) They reported lune patients 
who were considered to have exceptionally reliable histones excludmg the possi- 
bihty of latent syphihs These were followed for 1-3 years, durmg which time 
they remamed clinically normal and in four cases reverted to seronegatmty. 
These authors now have several dozen persistently positive cases which are bemg 
followed without tieatment (personal communication) The justification for 
withholding treatment from such patients will be considered m a later section , 
(IV-2) 
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(b) Incidence tn Hospital Populaltons As was shown m the Evaluation Sur- 
veys, the incidence of false positive tests is appreciably higher m hospital patients 
fhnn m normal mdividuals The 0 42% false positive Hmton tests in 21,073 
cases reported by Crawford and Eay (45) were piobably largely techmcal false 
positives, smce most of them were negative on retestmg m Hmton’s own labora- 
tory, while many biologic false positives were undoubtedly missed by arbitrarily 
considermg as syphditic any case in which the positive Hmton test persisted or 
was venfied by a positive Wassermann test Clifton and Hemz (42) reported 
1 46% transient positive or doubtful Kolmer, Eagle, or Kahn tests m 5,625 m- 
fants a3d children Only one-SL\th of these reacted m more than one of the 3 
tests, and the authors unfortunately do not state what proportion were negative 
on retestmg This type of information was furnished m the report of Hill 
. (120), who found 0 43% single positive or doubtful Hmton or Davies-Hinton 
tests in 26,700 children, but only 0 14% which were repeatedly positive and then 
became negative wittun one week to nme montlis ivithout treatment The ma- 
jonty of these had some acute or clironic infection It was not stated that any 
of the persistently positive tests were considered false, although it might be e\- 
pected that it would be easier m children than m adults to exclude the presence 
of syphilis 

In the Scandmavian literature, Forssman (85) reported 0 13% false positive 
ICahn or Wassermann tests m 7,711 hospital admissions, and Eldh (78) reported 
0 25% false positive Wassermann reactions m 20,798 medical patients Krag 
reported that only 0 027% of 70,000 (180), and subsequently 0 04% of 120,000 
(181) cases were false positive This very low mcidence may be due to the 
stringent criteria used — that the reaction be strongly positive to both Kahn and 
Wassermann tests, or weakly positive to at least three of the 5 tests used for a 
recheck, and that the reactions all become negative withm seven seeks All 
these papers probably furnish too low an estimate, smce they consider as false 
only very transient reactions The cases listed, however, are reliable since all 
were positive more than once before bccommg negative 

4 Incidence m Various Diseases 

(a) Yaws (Frambesia), Ptnta, Bejel These diseases are caused by spu-ochetes 
morphologically almost indistinguishable from Treponema pallidum and share 
many of the clinical characteristics of syphilis The positive serologic tests 
which occur quite regularly m these mfections may therefore be considered true, 
rather than biologic false positives 

(b) Leprosy Tins disease has long been known as a cause of persistent false 
positiv e reactions, but is statistically of little importance m this country Bad- 
ger (3) reviewed the 24 papers on the subject which appeared before 1931, most 
of w Inch reported a high mcidence of false positive Wassermann tests Ho noted 
20 2% positive Wassermann and 27 5% positive Kahn reactions m 207 patients 
m a leprosarium in Hawaii, which was approximately three times the mcidence 
of positive tests m a non-leprous hospital servmg the same population Some 
of tile cases had a \ ery high titer Kahn test when quantitated 
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Fifty leprous sera were included in the 1935 Evaluation Survey (47) and were 
separately discussed (108) The incidence of positive reactions among the five 
tests vaiied from 40% with the Hmton to 72% with the Eagle flocculation test. 
A striking illustiation of the degree to which the sensitivity of the unstandardized 
early tests varied, rendermg the eaily literature practically valueless, is the ob- 
servation that the Kolmer test produced 64% positive i eactions, although shortly 
after its introduction Kolmer in 1923 (170) reported no positive reactions among 
125 lepers 

Similar results on leprous sera were obtained in the 1941 Survey (240), m which 
it was also found that Eagle’s spirochetal antigen was no more specific than sev- 
eral of the tests employing the usual beef-heart antigens, although Eagle and co- 
workers (74) and Capelli (35) had noted considerable supeiioiity of spirochetal 
antigen Spuochetal antigens will be further discussed below. 

Several reports from countries m which leprosy is common confirm the ob- 
servation that biologic false positive tests are quite frequent m this disease (25, 
35, 129, 224, 276) although this has been denied in one report (231) No clear 
correlation has been noted mth the severity or type (dermal or neural) of the 
disease 

(c) Malana This disease raises a consideration which will have to be borne' 
in mind m evaluatmg biologic false positive tests in all acute infections — 
namely, that the incidence vanes markedly with the frequency with which the 
blood is tested In the 1935 Evaluation Suivey (47) 36 non-syphilitic patients 
m vaiious stages of malaria gave 11-19% positive results with the various tests 
, A more extensive study of 266 patients by the same committee (109) found only 
4~9% positive and doubtful Hmton, Klme diagnostic, and Kolmer tests Eller 
(79) also noted a model ate incidence of positive tests in inoculated malaria 

It was shoivn in Italy (81), however, that practically all of a small series of 10 
cases of malaria inoculated developed a positive Wassermann test at some time 
durmg the disease if tested every few days, m one case the reaction lasted as 
long as six weeks Similar results were reported by Kitchen, Webb, and Kup- 
per (161) in 25 moculated cases which were tested twice weekly, all developed^ 
some degree of reaction in the Kahn or Wassermann test, 21 being positive to 
both The maximum mcidence occuired at 3-4 weeks after moculation, but in a 
few cases the reaction appeared even before the onset of climcal symptoms 
Eagle et al (75) and Burney et al (32) similarly found some degree of transient 
reaction to the Wassermann test or Eagle flocculation test in nine of eleven cases 
moculated with Plasmodium vivax It should be emphasized that these studies 
were oriented toward findmg by frequent testmg the maximum incidence of false 
positive tests, and hence mcluded many weak leactions Of the 100% tiansient 
positive reactions repoited, only 10 to 20% were of a degree which could lead to 
diagnostic confusion 

An incidence of 5-20% transient positive serologic tests on hospital admis- 
sion of naturally occurrmg malaria has been reported by several observers (51, 
282 305) , most of the reactions were weak There is no rehable evidence that 
false positive tests occur during the latent stage of chrome malaria Smee the 
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positive tests occurnng dunng the acute stage are all reported to disappear inthin 
a few weeks, the diagnostic problem does not seem to be serious, except in the 
occasional case which develops the positive test before the full-blown climcal 
appearance of the disease (51) 

Several workers (197, 266, 272) concluded that malaria does not cause biologic 
false positive reactions masmuch as the incidence of positive tests was found to be 
no greater m malarial than m non-riialanal hospital patients These data were 
obtamed, however, m tropical countries where syphihs, yaws, and leprosy af- 
fected up to 50% of the population, so that the malarial false positive reactions 
were lost amid the other positive tests 

Eagle and coworkers (76) were unable to con6rm the conclusion of Nagell (227) 
that the complement fixation test with spirochetal antigen was much more speci- 
ficthan the ordmary Wassermann test m malaria , 

-'Fischer and Gunsberger (84) concluded' that the false positive reaction in 
malaria is due to antibody to destroyed red blood cells, smce an alcoholic extract 
of human erythrocytes fixed complement with these sera just as did Wassermann 
antigen from beef heart, whereas a special extract of beef heart purporting to be 
low in erythrocyte content was much less reactive with malarial sera Their 
description of the preparation of this special extract fads to substantiate the 
claim that it was relatively free of erythrocyte extractives, and their data offer 
no support for their conclusion as to the origm of the antibody Drogcloh (57) 
observed that malaria transiently mcreased the serologic titers of syphilitics, and 
interpreted the results as indicating the operation of physical rather than im- 
munological factors 

It IS concluded that false positive tests occur quite regularly m the acute stages 
of malaria but the majority of these are weak and very transient 

(d) Infectious Mononucleosis {Glandular Fever) Considerable interest has 
been shown in the false positive serologic tests occurimg m tins disease since the 
report of a case m 1928 by Lohe and Rosenfeld (199) It has been emphasized 
(199, 263) that the adenopathy, fever, and rash of mfeotious mononucleosis com- 
plicated by a false positive serologic test may be difficult to differentiate from 
secondary syphilis Fortunately the reactions in infectious mononucleosis are 
usually very transient and weak, whereas those of secondary syphilis are found 
to be of lugh titer if quantitated 

Kolmei (174) has compiled the published reports and found a total of 191 
cases subjected to a Wassei mann test, of which 20 9% were positive at some time, 
and 140 cases subjected to one or another flocculation test, of which 11 6% were 
transiently positive The actual mcidcnco of transient positue reactions is 
undoubtedly considerably higher than these figures mdicate, smce in many re- 
ports the blood was tested only on admission, whereas the reactions usually 
appear after a week or moie of the disease (263) It is important to realize, how - 
ever, that a false positive reaction may appear early in the disease and is some- 
times observed on hospital admission, especially since the patient may not enter 
the hospital until several days have elapsed during wluch the illness was con- 
sidered a cold or grippe The highest incidence reported was m a scries of 27, 
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cases m the London epidemic of 1930 (96), of whom sixteen had a positive or 
doubtful Wassermann test during the first 3 to 4 weeks of the illness, and a some- 
what smaller number had positive Kahn or Sigma flocculation tests Bernstein 
(18) reported transitory positive Wassermann or Eagle flocculation tests m eight 
of 44 cases, most of whom had weak reactions, although two cases (17) developed 
a complement fixation titer of 1 ‘ 64 

The numerous reports of small groups of positive cases (86, 107, 156, 174, 
248, 265, 298, 299, 300, 303), do not necessarily indicate that the mcidence is 
extraordmanly high m mfectious mononucleosis, smce until recently this disease ‘ 
has been something of a diagnostic tnumph and hence has enjoyed alow threshold 
of pubhcation Sadusk (262) reported a case m which the Wassermann and Ehhn 

tests remained positive for six weeks Failure to obtam any positive reactions 
was reported by several mvestigators with small groups of cases (33, 128, 213) 
and by Halecrow (104) who tested “many” patients in a large epidemic of 296 
unusually mild cases Such diverse results are probably explamed by variation 
in sensitivity of the tests and m the frequency of testmg the patient after the 
onset of the disease, although the possibihty of variation in the stram of the 
infectious agent cannot be excluded The two persistent cases of Radford and 
Rolleston (250) were probably syphihtic, smce other members of the family 
were also positive. 

It has been suggested that the false positive Wassermann tests encountered 
m mfectious mononucleosis may be related to the heterophile antibody to sheep 
cells which regularly appears m this disease, smce antisheep cell hemolysm 
(amboceptor) is a reagent m the Wassermann test. Conclusive evidence against 
this as an important factor is furnished by the f ollowmg considerations : 1) floc- 
culation tests are also frequently positive, although anti-sheep cell hemolysin 
plays no role m these, 2) there is no correlation between the heterophile antibody 
titer and seiologic tests (18), and 3) absorption of a few such sera with sheep 
cells has removed the heterophile antibody without appreciably affecting the 
serologic tests (18, 107, 174). 

Bemstem’s suggestion (16) that the false positive serologic tests for syphilis 
in this disease are part of a general non-specific antibody stimulation is vitiated 
by the fact that at least some of the cases sho^vmg a high agglutimn titer to the 
typhoid group had previously received typhoid-paratyphoid vaccme. He also 
emphasized the much greater number of false positive Wasseimann than floccu- 
lation tests m mfectious mononucleosis This has not been confirmed by other 
workers 

(e) Vaccination {Variola) The discovery m 1940 (5) that vaccination causes 
false positive serologic tests is of particular mterest because of the mass immumza- 
tion associated with mihtary mobihzation Studies on groups of 100 to 263 
individuals tested at mtervals after vaccmation have been reported by three 
groups (83, 200 and 201, 203) They found that 11 8-16% of the patients re- 
acted to one or .more tests at some time A few of these persisted for as long as 
three months, but most of the tests in all three studies were plus-mmus or 1 plus, 
and would have been considered negative m a routine laboratory report AI- 
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though the danger of erroneously diagnosing syphilis after vaccination is real, 
only 2 3% (203), 4% (200), and 5% (83) of these senes ever showed a 3 or 4 
plus reaction to any test, and few of these lemained positive when retested 
a week or two later The maximal mcidence appeared to occur at about two 
weeks after vaoomation A reported failure (9) to obtam a positive ICahn 
test m 100 patients was probably due to the long delay (29 to 76 days) before 
testing 

Arthur and Hale (2) reported that of 94 soldiers tested at weekly intervals 
startmg three weeks following vaccmation, 14 8% reacted at some time to the 
ICahn test, and some of these were also positive to the Wassermann test, only 
6 3%, however, were positive on more than one occasion Most of these were 
weak reactions Since these men received typhoid, tetanus, and yellow fever 
moculations at about the same time as vaccmation, it is impossible to assign 
the reaction to any one of the procedures It is particularly important to 
avoid such a false diagnosis in the Army because of the seveie penahties mvolved 
Thomas and Garrity (283, 284), apparently excluding doubtful reactions, found 
only 0 26% positive Kahn tests m 10,000 naval recruits tested “on the average 12 
days after vaccmation,” m contrast to the 0 06% m 10,000 tested before vac- 
omation 

(f) Trypanosomiasts Expenmental trypanosomal infection of rats and rab- 
bits was early reported to cause positive Wassermann (189) and flocculation 
(192, 193) reactions These expenmental results, however, do not indicate that 
human infections with trypanosomes would necessarily be accompanied by posi- 
tive serologic tests, expecially since the rabbit is so prone to develop these reac- 
tions that the tests are often positive even m normal rabbits The reviewer 
has been unable to find any references to false positive results by modern serologic 
tests in chnical trypanosomiasis wntlim the last decade Kelser (157) has de- 
veloped a diagnostic complement fixmg antigen of the oiganism of Chagas’ 
disease {T cruzi) and stated that “Tests of numerous Wasscrmann-positive sera 
mdicate that no difficulty will be expenenced from cross reactions m connection 
ivith the two diseases ” 

(g) RalrBzte Fever Because of a rough morphological resemblance between 
Spirillum minus and Treponema pallidum the serologic reactions m this disease 
have been followed with some care, although it was discounted as a source of 
false positive reactions by Bayne-Joiies m 1931 (10) For a more recent bibliog- 
raphy the reader is referred to the paper of Brown and Nunemaker (29), which 
critically reivews the American cases reported up to 1942 and presents an altered 
conception of the etiology of this disease They point out that adequate proof 
has been obtamed in relatively few cases that the etiological agent was Spirillum 
minus {Spirochacta morsus muris') Of 17 definitely spirochetal cases found in 
the American literature since 1930, 10 had a positive Wassermann or flocculation 
test Beeson (13) has recently reported two more cases due to Spirillum minus^ 
one of which had several weak ICahn tests, unfortunately there was no followup 
on the infant or testmg of its parents to prove that it was not syplnhtio There 
13 no question that this disease can produce false positive reactions (309, 281a) 
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Brown and Nunemaker further present evidence that some cases of rat-bite 
fever are caused by an entirely different type of organism, Streptohaallus momli- 
formis {Sti eptothrix, Haveihtlha momhforims) Of 8 seiologically tested cases 
collected from the Ameiican literature m which this oi ganism had been recoveied 
from the patient's blood by cultuie on special media, thiee had positive tests for 
syphilis. Smce one of these probably had congenital syphilis, the only biologic 
false positives were the two laboratory mfections of Dawson and Hobby (52), ' 
in which no followup was reported to see whether the reactions were transient. 
Brown and Nunemaker added 8 cases of their own m which the diagnosis was 
made by culture or by detection of antibodies to the streptobacillus m high titer. 

A transient positive serologic test was obtained in only one of these, m which the 
diagnosis was not established with certainty. On the basis of only the two pi oven 
eases of Dawson and Hobby we cannot conclude that biologic false positive 
tests occur with any frequency in this disease, a decision will have to await 
the more numerous cases ivhich will probably be discovered as the new bacterio- 
logical and immunological methods are more widely applied In a large milk- 
borne epidemic of streptobacillus infection (246) serologic tests were unfor- 
tunately not reported. , , 

False positive serologic tests m rat-bite fever of undefined etiology have been 
reported recently by several authors (26, 120, 215). 

It IS concluded that false positive tests occur quite frequently in rat-bite fever 
caused by Spirillum minus (Sodoku fevei), but inadequate mformation is avail- 
able on cases caused by Streptobacillus moniliformis 

(h) Relapsing Fever This disease, which is caused by several species of spiro- 
chetes {Borrelia) , is vei y rare in United States Tsun and Chung (287) i eviewed 
the earlier literature, consisting of seven confhctmg reports, and reported that 
7 of 88 Chinese cases had transient positive Kolmei , Kahn, or IQme tests, most 
of them being positive to all three tests In addition 29 othei cases were per- 
sistently positive and were therefore considered syphilitic, although eleven of 
these had no evidence of the disease It is not clear that these were followed 
long enough to rule out the possibihty that some were false positive reactions. 

Par (233) reported that seven of fourteen cases had a positive Wassermann reac- 
tion which became negative after the disease was cuied by small doses of aisen- 
icals Murrell (226) presented a transiently positive American case. It ap- 
pears that 1 elapsing fever is frequently accompamed by a positive serologic test 
for syphilis. 

(i) Kala-azar It is impossible to state whether leishmaniasis causes false 
positive serologic tests for syphilis, smce the laboi atory work in tropical countries 
IS, in general, not adequately standardized and the chionic nature of the disease 
prevents the application of the ciiteiion that the reactions be transient Greval 
(99, 100, 101) beheves that the mcidence of positive Wassermann tests in 
patients with kala-azar m India exceeds the incidence of syphilis m the popula- 
tion; this is disputed by Lloyd (198). 

(j) Tuberculosis. While it is clear that tubeiculosis does not give rise to a 
positive serologic test for syphilis in any large proportion of the cases, even a small 
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percentage of reactions would be of significance m so ividespread and chronic a 
disease Whether such reactions exist is a matter of dispute In the 1935 
Evaluation Survey (47) the. percentages of positive reactions in S3 cases were 
Hinton 5 7, Kolmer 2 0, and Ifahn, Kline, and Eagle flocculation 1 9% Parran 
and Emerson (230) reviewed six earlier papers, most of which failed to find 
evidence of false positive reactions, and presented the findings of an official 
committee established to study this problem Of 458 supposedly non-syphihtic 
sera furnished by nme sanatoria, eight were positive to most or all of the Eagle, 
Hinton, Kahn, Kline and Kolmer tests performed m the laboratories of the 
originators These were threfoiq automatically considered syphilitic, although 
four gave only “probable” evidence on reexamination, three could not be le- 
exammed, and one gave no evidence whatsoever In addition sixteen gave a 
positive or doubtful lesult m one oi more of the tests, although repeat specimens 
gave only thiee positive or doubtful results It was concluded that “tuberculosis 
toxemia may contnbute a confusing factor to syphilrs seiology It should not, 
however, present a major problem in the clinical interpretation of results ob- 
tamed with carefully conducted serodiagnostic procedures ” The equivocal 
result of such a study, using the best teclmical facilities available, illustrates the 
difficulty of proving a definite but low incidence of biologic false positive reac- 
tions, because of the temptation to assume that a specimen positive to a variety 
of testsispiobablysyphilitio 

The strongest case for the production of false positive reactions by tubercu- 
losis was presented by Dunner and Mayer (60), who found that 2 6% of 1,200 
pulmonaiy cases without evidence or lu'tory of syphilis were positn e to one or 
more of several tests Twleve of these were autopsied and presented no patho- 
logical evidence of syphilis, on the other hand, dunng the same period five cases 
with a history of old syphilis also were without signs of the disease at autopsy 
Waning (294) found 106 positive or doubtful Wassermann, Kahn, or IQine tests 
in 2,160 cases of tubeiculosis, the arbitiary criteria of falseness render this study 
valueless Berg (15) found an incidence of only 3 55% positive Wassermann 
testa in 13,239 tubeiculous adults, wluch makes it clear that the incidence of 
false positives must at most be quite small, since the incidence of syphilis in the 
corresponding white American population nught be expected to approach this 
value Sweany (280) reported that in 1,000 autopsies of patients dying of 
tuberculosis, pathological signs of syphilis were found m one third of the 4 1% 
of patients wath a positive Wassermann reaction Inasmuch as negative autop- 
sies are not unusual m old syphilitics, he concluded that there is “no reason to 
warrant the suspicion that tuberculosis causes any more tlian an insignificant 
number of false reactions " With this the reviewer agrees 
(k) Pncwnonia and Other Respiratory Infections, Atypical Pneumonia Al- 
though pneumonia was not recognized in the older literature as a source of false 
positive reactions, witlun the past decade there has been considciablc attention 
devoted to tins problem m Europe Of the fifty-two transiently positive Wassor- 
rnann tests noted by Eldh (78) in 31 ,000 cases, tw enty six had pulmonary disease, 
uicludmg ten cases of pneumoma (out of 1,014 cases of the disease) and tlirce of 
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influenza (out of 548 so diagnosed). A number of cases of pneumoma and other 
respiratory infections with repeated but transient positive reactions have been 
reported hy other Scandmavian workers (22, 85,^ 160, 180, 181, 225) and else- 
where in Europe (95, 131) Lindau (196) noted ten transiently seropositive 
cases of respiratory infection, including four members of one family suffering 
from bronchitis ” It has been suggested (95) that such reactions in pneumoma 
might be related to the herpes virus (169), but such an explanation appeals un- 
likely since the activation of herpes in pneumoma is extremely common 
In Switzerland several reports have recently appeared mdicatmg that the 
incidence of false positive serologic tests may be quite high m certam atypical 
forms of pneumoma, and even lismg such tests as a diagnostic criterion. Fanconi 
(82) suggested the term “Pseudo-luetic subacute hilifugal broncho-pneumonia” 
for the syndrome noted in four seiopositive children with prolonged febrile pul- 
monary infection shoivmg considerable mlBltration m the regionmf the hilum by 
x-ray, seven additional cases were later reported (14) from the same pediatnc 
clinic. In 1941 Hegglm (111, 112) reported 19 cases m adults of an atypical 
pneumoma with repeated strongly positive Wassermann, Kahn, and/or Citochol 
reactions which became negative withm a few weeks. He suggested that these 
represented a new disease entity, “Wassermann positive pulmonary mfiltration,” 
smce positive tests occurred uniformly m cases with this type of patchy, soft 
pulmonary mfiltration, whereas m 680 cases of pneumoma and broncho-pneu- 
moma without such mfiltration only 28% had transient weak reactions to one 
or another test In the discussion of this paper Pulver added two similar cases. 
Benedikt (14) suggested that the above pediatnc and adult cases might represent 
the same disease 

Hegglm did not attempt to relate his cases to other types of pneumoma, al- 


though the descriptions appear to the reviewer to resemble closely “pnmary 
atypical pneumonia of unlmown etiology” (Variety “X” or “Virus” pneumoma), 
which has been widely recognized only withm the past five years There is no 
published evidence that false positive reactions are common m this disease. 
Kheeland and Smetana (167) mention “shifting Wassermann reactions” in their 


senes of fiifty-two cases, without data on their mcidence, of mne cases pre- 
sented m detail, only one atypical case, which was preceded by migratory ar- 
thritis, had a transient positive Wassermann test Drew et al (58) present one 
case with a doubtful Wassermann test, but do not mention positive or negative 
reactions in the rest of their fifty cases Many of the cases hsted but not de- 
scribed in detail in the Emopean papeis may fall into this group, smce the 
isolation of a pneumococcus was mentioned in none of them This problem 
may be clarified when etiological diagnosis of non-pneumococcal pneumomas 
becomes available , at present most cases are due to no known agent 

In view of these European papers it seems surpiismg that there have been 
very few reports in America of biologic false positive reactions due to pneumoma 
(26, 167, 215, 281a) The incidence might be much higher if tests were per- 
formed later m the disease as well as on admission. 

In two American reports of false positive reactions encountered in routme 
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pediatnc cases (42, 120), as weU as m several of the Scandmaviaii papers quoted 
above, it was emphasized that a large proportion of the reactions occurred m 
patients with mild infections In view, however, of the fact that a large 
proportion of cases visitmg any pediatric or medical chmc suffer from respiratory 
infections, these results pomt to a very low incidence of false positive reactions 
m these common diseases 

Mohr et al (215) reported positive tests m two cases of sore throat and one of 
labyrmthitis of unknoivn etiology Although the cases of sore throat did not 
have the hematological or immunological characteristics of infectious mono- 
nucleosis, it IS known that the manifestations of this disease are very vaned 
It seems hkely that occasional atypical cases of infectious mononucleosis are 
misdiagnosed as the grip, sore throat, or common cold, especially smce infectious 
mononucleosis was strangely absent from the Scandmavian collections of false 
positive cases 

It IS concluded that false positive serologic tests appear in an appreciable 
proportion of cases m some epidemics of atypical pneumoma, but it is question- 
able whether these form an etiologically separate group, as was suggested by 
Hegglm The mcidence m other types of respiratory mfection seems low, but 
may turn out to be high m certam strams of mfluenza, bronchitis, or other respira- 
tory infections when an adequate etiological classification of these diseases be- 
comes available Some of the reported cases of icspuatory infection may have 
been undiagnosed infectious mononucleosis 

(l) Scarlet Fever At the time when the Wassermann tests suffered from grave 
technical defects, scarlet fever crept into the literature as a frequent cause of 
false positive reactions There have been no confirmations of this concept m the 
past decade, other than five seropositive cases in one unconvincing report (255) 
Landau (186) recently tabulated the cases reported m twenty conflictmg earlier 
papers He also performed 'Wassermann, Kalm, and Sachs-Georgi tests at 
two to four weeks after admission on 164 cases which were negative on admission 
Three of the cases were positive on only one occasion to one of the flocculation 
tests The sole case which was positive to all three tests and remained positive 
for several weel^s was compheated by pneumoma of unstated etiology It 
therefore appears that scarlet fever is not a sigmficant source of these reactions 
Indirect evidence m the same direction has been furnished by Lund, who found 
(personal communication) that a group of patients convalescing from scarlet 
fever had the same average level of “natural” Wassermann antibody (202) as 
the normal population 

(m) Disseminated Lupus Erythematosus Tins disease, of unknown etiology, 
IS included here among the infectious diseases because it is fiequently febnle 
Coburn and Moore (43) recently reported tlurty cases, of which 13 had a positive 
Khne test at some time, and 11 a positive or anticomplementary Wassermann 
reaction The reviewer had the opportumty to ini cstigate one of these cases, 
an unquestionably false positive reaction in a cluld who was subsequently found 
at autopsy to have no pathological evidence of syphilis, her serum was positive 
m 1/2 or 1/4 dilution to the Kahn, Khne, Mazzim, Eagle, and Kolmer tests 
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(n) Measihs. Pockels (247) reported that of convalescent sera from 206 
children one to two weeks after the onset of measles, three were positive to both 
the Wassermann and Memicke tests and eight positive or doubtful to one or the 
other test. In several the tests were repeatedly positive, but only a few patients 
were stated to have been retested a few months latei and found negative Lane 
(194) reported eight strongly positive Kahn tests in 56 cases of measles m mem- 
bers of the Civilian Conservation Corps, who had had negative Wassermann tests 
on admission to the Corps These positive reactions appeared withm the first 
three weeks of the disease, the five patients who were retested latei were found 
to be negative Gunn (102) leported one strongly positive and 5 weakly posi- 
tive Wassermann reactions m 53 convalescent sera obtained from measles pa- 
tients but no clmical data were available to ehmmate syphilis. One case of 
“pseudo-luetic bronchopneumonia” (82) followed an attack of measles It 
appears possible that the incidence of false positive reactions in measles is fairly 
high, although Eagle (69) noted no positive reactions in 13 cases It may seem 
surprising that this question should lemain unsettled in such a widespread 
disease, but it may be because it is rarely hospitalized and tested The armed 
forces are in an excellent position to collect further data on this subject 

(o) Miscellaneous Injections. Cases of non-syphiliiic venereal diseases with 
false positive serologic tests are naturally subject to suspicion, since the present- 
mg disease offers prima facie evidence for the possibility of havmg contracted 
syphilis Nevertheless, a high mcidence has recently been reported m both 
lymphogranuloma inguinale (lymphopathia venereum) (37, 168) and chancroid 
(168) of positive reactions which were proved to be false by their rapid disappear- 
ance folloivmg treatment of the disease without anti-syphihtic therapy False 
positive reactions have been reported in occasional cases of lymphogranuloma 
(88, 153) and also genital herpes (169, 181, 212, 251 ) Another report on a vanety 
of venereal diseases (264) is based on valueless arbitrary serologic criteria 

In 25 chicken-pox convalescent seia Gunn (102) found 3 positive and 1 doubt- 
ful Wassermann tests, an even higher mcidence than he found in measles, no 
further evidence is available on this condition. His 6 convalescent seia from 
mumps were all negative, but Smith (273) reports positive Sigma flocculation 
reactions in two young sibhngs, with seronegative parents, 6 weeks after the 
onset of this disease, one of these also had a weakly positive Wassermann reac- 
tion in the blood and the spmal fluid and died of mumps encephalitis The 
reviewer has seen a patient ivith mumps whose blood was positive to a number of 
serologic tests and then became negative withm a few weeks 

Typhus and typhoid fevers were frequently mentioned m the older literature, 
but the reviewer has been able to find only one reported case m the past decade 
of typhus fever with positive Wassermann tests (252) The iriegulanty of the 
reactions suggests imperfections m the laboratory m Indo-Chma which performed 
the tests In 64 cases of Tularemia (27) only one false doubtful Kahn test was 
found, from which it was concluded that this disease does not influence the speci- 
ficity of the test 

Subacute bacterial endocarditis was frequently mentioned m early reports as a 
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cause of biologic false positive reactions, but this has had no recent verification 
Wydnn’s (310) series of 3 non-syphilitic cases without false positive reactions 
IS too small to be of value Weil’a disease was also reported in the past, possibly 

because of its spirochetal origin, but no reports have been found of such cases 
published within the last decade Vincent’s angina, dipthena, glanders, and 
rheumatic fever fall mto the same category Infectious hepatitis (catarrhal jaun- 
dice) has rarely been reported as a cause of false positive reactions (265) , such 
cases ate known to the reviewer and may not be too rare 
Finally, we may mention the miscellaneous group oi fevers of unhnovm origin — 
undiagnosed cases of prolonged fever and weight loss, often with hyperglobuline- 
mia, occasionally ivith enlarged spleen, hver, or lymph nodes, which do not fit 
any recognized diagnosis and which occasionally have a positive serologic test 
for syphilis One such case was included m the senes of Mohr et al (215) , a 
similar case with chronic hemolytic anemia was reported by Kracke (179) 
Another was recently noted (249) in which the serologic diagnosis of syphilis 
led to arsemcal treatment, which tragically lesulted after two injections in an 
encephalitic reaction with permanent residual hemiplegia 

(p) Non-infeclious Conditions — Hyperglobuhnemia, Serum Inoculation, Mis- 
cellaneous There appears to be a widespread but unwarranted impression that 
false positive serologic tests are often caused by any conditions which give nse to 
a marked hyperglobuhnemia Hyperglobuhnemia is in general caused by two 
types of disease 1) a variety of infections, m which at least part of the increased 
globulin IS antibody, and 2) conditions not especially involving antibodies, such 
as cirrhosis of the liver, dehydration, and multiple myeloma There is no 
rehable evidence that any member of the second group is associated with these 
positive tests, it appears reasonable to regard the hyperglobuhnemia and the 
occasional positive reactions of the first group as separate mamfestations of the 
underlymg infectious process, rather than to consider one the cause of the other 
In the Methods Evaluation Surveys (47, 240) laige senes of jaundiced sera have 
shown very few false positive reactions Although the emphasis was placed on 
the jaundice rather than abnormahties of the serum proteins, a large proportion 
of the sera were from cases of cirrhosis, m which the globulm is characteristically 
elevated and the albumin decreased Cardon and Atlas (36) have recently re- 
ported 8 cases (23%) of false positive reactions m 34 hyperprotemenuc sera en- 
countered m routine testmg in the Cook County Hospital Their criterion of 
falseness was the presence of a positive Kahn but negative (in 2 cases anticom- 
plementary rather than negative) Wassermann reaction, one case uluch was 
positive to both tests was automatically considered syphilitic This criterion is 
worthless In addition only 2 of their cases ever had a second test to eliminate 
the possibility of technical error A peculiar crystallized serum globulm from a 
patient with an undiagnosed arthritis was reported to give a positive Wassermann 
reaction (124), but this may well have been anticomplementary, like other iso- 
lated globulins (49) 

Horse Scrum injection was reported by Hontschel and Szego (119) to give 
rise to some degree of reaction to the Meimcko testm 81% of 51 serum-treated 
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diphtheria patients tested at intervals up to 3 weeks after inoculation. Only a 
small proportion gave weakly positive reactions to the Wassermann, Sachs- 
Georgi, or Kahn tests. Krei (87) confirmed the observation of fiequent positive 
Meinicke tests m patients injected with horse serum, but he and Boas and Tolboll 
(23) found few or no positive Kahn and Wassermann reactions Frei pointed 
out that the Meinicke antigen, in contrast to the others, is denved from horse 
heart, which contains Forssmann antigen in common with the horse serum used 
for inoculation. Since all of the testing antigens in common use in America are 
derived from beef heart, which contams no Forssmann antigen, this cause of 
false positive reactions can probably be disregarded. 

Menstruation, -pregnancy, and various types of malignancy were often reported 
m the early literature as causes of false positive reactions but no evidence in 
support of this thesis was found in the Evaluation Surveys (47, 240) Similar 
results were obtamed m other studies of sera taken durmg various phases of the 
menstrual cycle (127) and pregnancy (154) 

Such diverse conditions as diabetes, acetic acid poisoning, ether anesthesia, post- 
mortem specimens, and treatment with various drugs were reported from time to 
time to give rise to false positive tests Such reactions are inconsistent with 
modern Icnowledge of antigen-antibody reactions, and have had no recent con- 
firmation The latest member of this group is sulfanilamide (24, 254) which could 
not be confirmed in a series of cases studied by Eein (personal commumcation). 
Recent papers (6, 26, 78, 180) have mcluded occasional transiently positive cases 
of a wide variety of diseases m which the mcidence is so low as to be of little 
statistical sigmficance or so high (278) as to be incredible 

Positive reactions have been noted to develop rarely m blood donors after 
several donations (282a) , the possibility of a causal relationship is under investi- 
gation, 

6. False Positive Cerebrospinal Fluids 

The number of spmal fluid specimens tested is very much less than the number 
of blood specimens, and reports of false positive spmal fluids are accordmgly 
rare. Since high titers of Wassermann antibody circulate in the blood of patients 
with early syphilis without bemg detectable in the spmal fluid, and conversely, 
strongly positive spinal flmds may exist m CNS syphilis with only weakly posi- 
tive blood tests, it follows that positive tests on spmal fluid ordinarily reflect 
the presence of an infectious process releasing antibody within the central neivous 
system Indirect evidence for the formation of antibody within the central 
nervous system m neurosyphihs was furnished by Kabat et al (139), who found 
a high proportion of gamma globulm m such spinal flmds, which could not be 
accounted for by filtration from the plasma In addition, Freund (89) has shoivn 
that rabbits passively immumzed with typhoid antiserum develop only 1/300 
as high a titer of antibody in the spmal fluid as m the serum, coiiespondmg ap- 
proximately to the ratio of total protem concentrations Morgan et al (223) 
have reported smular ratios in rabbits vaccinated against equme encephalomye- 
htis One would therefore not expect positive spmal fluid tests m the various 
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conditions discussed above as causes of false positive blood tests Two positive 
spmal fluids have been reported, however, in malaria (161, 305) and one weakly- 
positive Wassennann test (273) m the spmal fluid of an infant who died of mumps 
encephalitis These reports must be viewed with suspicion, since spmal fluid 
tests are just as susceptible to techmcal error as are blood tests, and none of 
these was tested a second time 

A number of cases have been reported m primarily neurological diseases 
Sezary and Terrasse (268) m 1936 reviewed the 25 cases of positive spinal fluids 
in cases of central nervous system tumors reported m 14 earlier papers, and added 
4 cases with negative blood tests Two of these cases had a negative spmal fluid 
when retested McLean and Hunger (211) reported 10 presumably false positive 
spinal fluids in a variety of neurological conditions — encephalomalacia, strepto- 
coccus septicemia, electrical bum, cerebrospinal rhmorrhea, concussion, skull 
fraction, neuritis, and multiple sclerosis Most of these were negative when 
repeated, the only two cases which had two positive spmal flmds were cases of 
encephalomalacia A positive spmal flmd with negative blood tests was re- 
ported m smgle cases of post-traumatic convulsions (133), pneumonia and 
menmigitis (258), memngococcus meningitis (26), and encephalitis (220), the 
first two patients were retested and found negative The reviewer has seen a 
patient in the Neurological Institute with positive Wassermann tests on 4 spinal 
fluids drawn several months followmg the onset of memngococcus meningitis, 
the blood was negative and the history offered no basis for suspeotmg syphdis 
It IS the opimon of the reviewer that many of the above reactions, which were 
not retested or were negative when retested, w ere pi obably due to teclmical error 
There CYists no clear evidence today for the production of biologic false positive 
spinal flmd tests for syphihs m various systemic or central nervous diseases It 
IS hoped that further reports on this subject ivill be better documented, with 
tests m more than one laboratory and on more than one specimen from the 
patient ’ 


HI LABOEATOEY DIFPEEnNTIAnON OP FALSE POSITIVE SERA 

1 The Mechanism of the True Serologic Tests for Syphilis 

Because the antigens used m the Wassermann and flocculation teats are de- 
rived from sources (mammalian tissues) which are biologically distant from the 
infectious orgamsm, the reaction was long considered not a specific antigen- 
antibody reaction but rather the result of mysterious colloidal alteration of the 
serum proteins (e g , 206, 293) The substance reacting m the serum was there- 
fore termed a “reagm” rather than an antibody This conception was rem- 
forced by the observation that the addition to the antigen of cholesterol, which 
also bears no apparent relationship to the organism, increased the sensitivity of 
the reaction It has been adequately demonstrated, however, especially by 
Eagle, that the flocculation and Wassermann reactions have all the essential 

•Scott et al (267a) have recently reported eoveral repeatedly positive spinal Suids 
occurniig m cases of meningococcal, tuberculous, and aseptic lymphocytic meningitis 
This rcadirma tho danger involved in diagnosing syphilis on serologic grounds olono 
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characteristics of specific agglutination (62) and complement fixation (63) tests * 
The role of cholesterol was shown to be that of enlarging the particles of water- 
insoluble hpid antigen and thereby mcreasing their effective surface (64), a 
similar effect was produced by a wide variety of alcohol-soluble, water-msoliible 
substances rangmg from ergosterol to collodion (65) That the action of cho- 
lesterol may not be entirely passive has been suggested by the observation of 
"Wadswoith, Maltaner, and IVTaltaner (291) that cholesterol was somewhat anti- 
complementary and reacted with some normal sera in complement fixation tests 
Lund (peisonal communication) has recently noted that cholesteiol may adsorb 
the small amounts of presumably natural Wassermann antibody which he has 
found m normal sera (202) 

The various tests are usually reported as 1 to 4 plus reactions, which give an 
impression of bemg more quantitative than they really are When quantitatively 
tested by serial dilutions, the serum of a patient with florid early syphilis usually 
shows a 4 plus reaction (complete flocculation, or complete mhibition of hemolysis 
in the complement fixation reaction) m dilutions of 1/16 to 1/64, and may oc- 
casionally reach a titer of 1/512 A 4 plus reaction as ordinarily reported on 
undiluted serum therefore does not distinguish low titer from high titer sera, 
while the 1 to 3 plus (partial) reactions represent only a very narrow range of low 
antibody concentration 

Estimation of antibody concentration by serial dilution to the endpoint of 
flocculation or complement fixation is'only roughly quantitative, for other factors 
play a secondaiy role in the reaction and may sivmg the balance of a weak re- 
action to positive or negative. The most important of these are variations m 
the sensitivity of the antigen, to be discussed below, and m the mechanics of test 
performance In addition, an inhibitory factor appears to be present m some 
sera smce the le^^lewer has observed electrophoretically isolated globulm frac- 
tions, and Nishio (229) has noted chemically separated fractions, which had a 
higher flocculation titer than the original sera, although their antibody content 
could have been no higher than that of the sera A further source of error in 
complement fixaion tests is the tendency of certain seia to be anticomplementary 
— i.e , the control tube containing seium without antigen “fixes” complement, 
preventing detection of specific complement fixation by antigen plus serum 
The Wassermann antigens of an earlier day were frequently moderately anti- 
complementaiy, so that the summation of a subhmmal anticomplementary ef- 
fect of serum plus a similar effect of antigen could produce an apparent positive 
reaction with a negative control tube (68) With good Wassermann antigens 
the danger of techmcal false positive reactions from this source is now slight. 

It has been stated (71) that the incidence of anticomplementary reactions is 

* In tins review the antigens used in the serologic tests for syphilis are grouped under 
the term “Wassermann antigen,” and the substances in syphilitic or false positive sera 
which react with this antigen are referred to as “Wassermann antibody" (Cf 301) This 
term is considered preferable to “syphilitic antibody,” for it is likely that syphilis produces 
other antibodies in addition to this one It is particularly recommended that the term 
“reagin” be abandoned in this connection since it is used with another meaning in the 

field of allergy 
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more frequent in syphilitic than in non-sypliihtic sera Such reactions, however, 
cannot serve as a basis for suspecting syphilis, for pure normal gamma globulin 
13 regularly highly anticomplementary (49) and anticomplementary reactions 
are particularly frequent in diseases (cirrhosis of the liver (95), lymphogranuloma 
inguinale (103), multiple myeloma (103, 132), lupus erythematosus (43), in which 
the gamma globulin is markedly increased 

Other factors winch introduce irregularities in the serologic tests are (a) the 
zone reactions of certain sera, of which only higher dilutions may react in floc- 
culation or complement fixation tests, and (b) the necessity of “inactivating” 
sera by heating for 30 minutes at 55-57 C before testing Tins procedure was 
onginally introduced to destroy the native complement of the serum, m order to 
prevent it from varying the amount of complement present in the fixation test 
It was subsequently found that the heating ebminated the undesirable anti- 
complementary action of most of those sera which were anticomplementary in 
the fresh state, and when the flocculation tests were introduced it was found that 
most positive sera were less active or entirely inactive unless heated before test- 
ing Whethoi this inlubition of flocculation by unheated serum depends on 
complement or some other thermolabile component is not clear, it does not de- 
pend on changes in the antibody since purified Wassermann antibody prepared 
from unheated serum is equally active with or without previous heating (50) 
Sera have been noted (1G4) m which the flocculation reaction was strongei before 
heating, but this is distinctly the exception It has also been observed (259) 
that the inhibitory effect of unlicated serum is abolished by bypertomc saline, 
winch has been the basis of certain tests m which heating of the serum is ehm- 
mated 

All the above complications may be of importance in only the rare, unusual 
case In spite of all the imperfections which these tests share with other serologic 
procedures, and in spite of the fact that the antigens employed are not derived 
from the infectious agent, the fact remains that the serologic tests for syphilis, 
when properly performed, are surpnsingly good rather than discouragingly bad 
Certainly no serologic test for any othei disease has ever been applied on nearly 
BO largo a scale as the Wassermann and related tests In general, serologic tests 
for other diseases, which employ the organism as antigen, are used only when 
there is some clmical mdication The difficulty with the serologic test for syphilis 
is that the nature of the disease, with its latent stage concealing potential senous 
illness, forces us to place an excessive burden on a laboratory procedure which 
cannot be expected to be infallible 

3 Possible Mechanisms of the False PosiCiie Tests 
Biologic false positive serologic tests for syplulis may conceix ably be caused by 
the presence in serum of (a) an antibody identical with the Wassermann antibody 
produced in syphilis, (b) an antibody differing in some ways from the true 
Wassermann antibody, but cross-reacting with Wassermann antigen or some 
component thereof, or (c) physico chemical changes, not involving antibodies, 
which produce flocculation or complement fixation reactions 
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Consideration of the first possibility involves the mechanism of production of 
the Wassermann antibody m syphihs, which will be discussed in detail latei If 
the antibody is formed in response to Wassermann antigen released from the 
host’s tissues in a suitable form, rather than to spirochetal antigen, it would not 
be surprising if other disease agents occasionally produced the same reactiont 
In such cases the antibodies would be identical and no possible improvement in 
the serologic tests for Wasseimann antibody could elimmate false positive reac- 
tions There is no way of knowing at present what proportion, if any, of non- 
syphilitic positive tests belong to this category 
If there is hope for solution of this problem it rests on the assumption that 
false positive sera fall into the second category — that of cross-reacting but not 
identical antibodies, which may ultimately be distingmshed from Wassermann 
antibody by chemical or immunological phenomena. Several examples of hetero- 
phile, cross-reacting antibodies which may sometimes be distmguished by ab- 
sorption experiments have been reviewed by Buchbinder (30) An exceilent 
example is the production of sheep cell agglutmins in man as a result of infectious 
mononucleosis or hoise seium moculation. Although mdistinguishable in their 
reaction with sheep cells, these two antibodies differ m their absorbabihty 
by gumea pig kidney or by the red cells of various species (279) 

The third concept derives from the day when the serologic tests were considered, 
labile colloidal phenomena Nevertheless the possibility cannot be excluded 
that certain false positive reactions may be less specific in their character than 
the true tests The cephalin flocculation test (105) for hver function, m which a 
cholesterohzed sahne emulsion of a hpid is flocculated by certam sera, bears 
considerable superficial resemblance to the flocculation tests for syphihs, al- 
though physicochemical studies have failed to elucidate its mechanism (137), 
there is no basis for suspectmg that it involves an antibody It appears, however, 
more profitable to seek differences between the substances causing the reactions 
of true and false positive sera than to debate whether these substances are anti- 
bodies. Flocculation of Wassermann antigen by high concentrations of divalent 
cations (245) or by hypotonic salme (59) is not applicable to the problem since 
the concentration of electrolytes in sera varies ivithin limits which are too narrow 
to permit an appreciable effect upon the test Kolmer (173a) still favors the 
view that the substance causmg false positive reactions is not an antibody 
It has been suggested that the transient positive seiologic tests winch are 
caused by diseases other than syphilis may not be false, but may represent stimu- 
lation by the so-called ^‘anamnestic” reaction of mcreased production of Wasser- 
mann antibody m cases of syphihs m which this antibody is present in concentra- 
tions below those reqmred for a positive diagnostic test This hypothesis, for 
which there is no direct evidence, is contradicted by the failure of Eller (79) to 
obtain a higher incidence of positive serologic tests after moculation of malaria 
m 22 seronegative treated syphihtic than in a senes of non-syphilitic patients 
Furthermore, Heidelberger and Kendall (115) and Kabat and Heidelbergei (138) 
were unable to demonstiate the anamnestic reaction m a few rabbits by means of 
accurate quantitative chemical measurements of antibody to egg albumin or 
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seium albumin Since the concept of the anamnestic reaction is based solely 
on data secured ivith unreliable quantitative titration methods, it appears ques- 
tionable whether the phenomenon exists at all 

3 The Nature of the Wassermann Antigen 

Since the Wassermann antigen and related alcohol-soluble antigens have re- 
cently been reviewed in detail by Weil (301), the subject will be discussed only 
briefly 

(a) Serodiagnostic Antigens, Discrepancies in Response to Various Tests The 
■Various antigens used m the common serologic tests for sjiphilis eonsist essentially 
of an alcoholic extract of dried beef heart, the sensitivity of which is mcreased by 
the addition of cholesterol or some other sterol (While other mammalian tis- 
sues contain the antigen, beef heart has proved to be the best source) Moderate 
purification is effected by prchminary ether extraction of the beef heart and in 
some cases precipitation of the antigen by acetone, but the final products con- 
tain a great deal of contaminating material which may well participate in some 
of the false positive reactions As was indicated m an earlier section, it is possible 
by altering the concentration of various constituents to alter the sensitivity of 
these antigens ‘ A few years ago Eagle (71) emphasized the view that differ- 
ences m response of a serum to various tests were dependent on the sensitivity 
of these tests Further expenence, however, in laboratories performing a 
variety of tests of carefully standardized sensitivity, has shown that sera of some 
syphilitic patients will react consistently with certain tests and other sera only 
ivith other tests A few examples of such anomalous patterns are shown in 
Table II, furmshed by the Venereal Disease Research Laboratory of the U S 
Public Health Service 

This matter is of some piactical importance smce patients suspected of havmg 
false positive reactions are often subjected to repeated tests by a variety of pro- 
cedures, and the failure to secure uniformly positive results with all tests is 
sometimes considered a “peculiar,” probably false positive, reaction This 
vieM IS unwarranted, for while most strongly positive sera are positive to all 
tests, this irregular behavior is characteristic of some syphilitic as well as non- 
syphilitic weakly positive sera The probable reason that the phenomenon has 
been less frequently obseiwed ivith knoivn syphihtic sera is that patients with 
clinical evidence of the disease are not usually subjected to numerous repeated 
tests Another factor contnbuting to the irregular behavior of wealdy positive 
sera is the inevitable day-to-day fluctuation m the sensitivity of the tests This 
was shown by the Evaluation Sunmys (47, 240) and by Mohr and Smith (216), 
who found that the marked daily fluctuation m the Eagle complement fixation 
reactions of a group of weakly positive syphilitic patients were ehminated when 

I 

‘ "Screen Tests" for tlio rapid exclusion of Byplnlitio reactions in sera have been de- 
veloped by the deliberate mcrcabe in sensitivity of certain antigens (c g , Kahn Presump- 
tne. Kline Exclusion) to the point uherc some specificity is sacrificed Since these anti- 
gens are used only to indicate the need for further tests nith stand ird serodiagnostic 
antigens on the positive specimens, they are not a source of false diagnoses and a dl not bo 
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TABLE II 


Serologic Tests of Cases of Primary Syphilis under Treatment 


DATE 

KAHN STANDARD 

KOLilERCOMP FIX 

EAGLE MACRO 

HINTON 

MAZZINI 



Case 1 



4-13-42 

4 

N 

P64 

P 

4 

4-20-42 

4 

N 

P8 

P ' 

4 

4r-27-42 

4 

N 

P8 

P 

4 

5- 4-42 

4 

N 

P2 

P 

4 

5-11-42 

3 

N 

P 

P 

4 

5-18-42 

1 

N 

PI 

P 

4 

6- 1-42 

N 

N 

N 

P 

1 


Case 2 


8-25-42 

4 

' 4 

P8 

P 

4 

9- 2-42 

3 

4 

P2 

P 

3 

9- 9-42 

3 

4 

P2 

P 

3 

9-16-42 

2 

4 

D 

P 

3 

9-23-42 

N 

db 

N 

P 

3 

9-30-A2 

N 

N 

N 

D 

1 

10- 7-42 

N 

N 

N 

N 

1 

10-14-42 

N 

N 

N 

N 

1 


Case 3 


9-16-42 
9-23-42 
^30-42 

10- 7-42 
10-14r42 
10-21-42 

10- 28-42 

11- 4r42 


4 4 

P8 

P 

4 4 

P2 

P - 

3 4 

PI 

P 

3 4 

N 

D 

1 4 

N 

N 

1 4 

N 

N 

N 4 

N 

N 

N 4 

N 

N 


Case 4 


3-23-42 

3- 30-42 
4r-15-42 
4^20-42 

4- 27-42 

5- 4r42 
5-11-42 


Results are reported as negative to 4 plus except in the Eagle and Hinton tests which 
are reported as P (positive), D (doubtful), or N (negative) Positive Eagle tests are also 
reported in titered units-the numbers denote the highest dilution giving a positive test 

"^^It wuTb^ not^dTh^t a negative Kolmer test even when all the others we^e 

nositive and the Eagle test had a titer of 64, in case 3 the Kolmer and Mazzini tests 
maild positive long after the others, while in case 4 the Kolmer alone persisted as positive. 
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these sera were frozen and then tested simultaneously at the end of the experi- 
mental penod ^ 

The mechanism of the specificity of certam tests for certam sera is not clear 
Broivn (28) has presented evidence that substances mhibitmg flocculation exist 
m certain sera Another factor may be vanation of the different antigens in 
their content of minor antigemo components which do not ordmanly play an 
important role m the reaetion > 

(b) Punfwaiion of Waasermann Antigen Purification and chemical identi- 
fication of the active component of the antigen would obviously be an unportant 
step m further improvement and standardization of the tests A great deal of 
work m this direction has thus far yielded mcomplete chemical information smee 
the cosolubility of mixed lipids makes their punfication extremely difficult 
The solubihty m alcohol and ether and insolubihty m acetone, which formerly 
caused the antigen to be considered a lecithm, is no proof that it has the structure 
of this group of compounds The furthest advance in punfication appears to 
be that of Pangbom (23‘1, 236), who has separated from the nitrogen-containmg 
lecithins of beef heart a non-mtrogenous phosphorus-contaimng hpid which she 
named “cardiolipm” and considered to be a new type of phosphohpid containmg 
a polysacchande phosphoric acid estenfied with fatty acids In view of the diffi- 
culty m separatmg mixed lipids, however, the constancy of phosphorus content 
and serologic activity on several reprecipitations by no means proved that the 
material is a pure compound This matenal was reported cunously to be anti- 
complementary by itself but to be an effective complement-fixmg antigen when 
mixed with lecithm and cholesterol, which separately are serologically inert A 
mixture contammg 0 03% cardiolipm, 0 05% lecithm, and 0 4% cholesterol was 
stated to be as active as the ordinary Wassermann antigen used m the New York 
State Laboratories Its use in flocculation tests has also been reported (28) 
It wll be of great mterost to sec how such purified material, when avaUable m 
larger quantities, reacts with false positive sera and with sera which show a selec- 
tive response to vanous tests 

(c) Anhgeniciiy of Waasennan Antigen One obstacle to the earlier acceptance 
of the Wassermann antigen as a true antigen was its failure to produce antibodies 
on mjection into animals This was clanfied by the discovery by Landsteiner 
that certam relatively simple chemical substances (haptens), which react in 
vitro ivith a specific antibody but cannot induce its formation m vivo, will do 
so when mixed with a foreign protein as “Schlepper ” The demonstration of this 
phenomenon with the alcohol-soluble Forssman antigen nuxed with pig serum 
(191) was soon follow ed by the similar experiments of Sachs, Iflopstock, and Weil 
wth Wassermann antigen (261, confirmed m 195), as well as by the demonstra- 
tion of the antigemcity of Wassermann antigen when flocculated with syphilitic 
serum (67) Although the Wassermann antigen appears to bo almost uni- 
versally distributed m mammalian tissues, it is not generally available in effective 
antigemc form without treatment of the tissue, as is emphasized by Weil (301) 
Furth and Kabat (90) have shown that the Wassermann antigen is saline extracts 
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of tissues IS bound to heavy particles which are readily sedimented m moderate 
ultracentrifugal fields (27,000 r p m. for 1 hour) These particles reacted m 
vitro as a Wassermarm antigen, but faded in the doses used to provoke a positive 
Wassermann reaction when mjected mto rabbits An exception to this non- 
antigemc behavior of mammalian tissue has been reported (126) 

(d) Spirochetal versus Autogenous Ongvn of the Antigen. The presence of 
Wassermann antigen in the tissues of the host has given rise to the stdl unresolved 
conflict over the origm of the Wassermann reaction — ^whethei m lesponse to 
antigen released from the host’s tissues or from the spirochetes The early sug- 
gestion by Wed and Braun (302) of an autogenous ongm was overruled by the 
objection that such a reaction nught be expected in all diseases mvolvmg tissue 
destruction Followmg the discovery of the hapten phenomenon Sachs, Idop- 
stock, and Wed (261) m 1925 rejuvenated this doctrine by the suggestion that 
autogenous hpid antigen was activated by combination ivith a particularly suit- 
able “Schlepper” protem furnished by the spirochete. This concept, winch is 
characterized by ingenuity but not by direct experimental evidence, retams a 
sympathetic consideration in the recent review of Wed (301) It has, however, 
been opposed by Landsteiner and Van der Scheer (192, 193) on the basis of the 
demonstration of the production of Wassermann antibody m rabbits in response 
to dead trypanosomes of a stram producmg such reactions m mfections, and by 
Eagle (71a) on the basis of numerous demonstrations (12, 73, 122, 123, 166, 184) 
of such an antibody response to inoculation of killed spirochetes of non-virident 
strains Objection may be raised to the experiments ivith spirochetes since it 
has not been possible to cultivate even non- virulent spirochetes on media fiee of 
animal tissue, and hence any antigen present in the washed orgamsms might 
have been derived from the medium It is hoped that improvements m syn- 
thetic media wdl eventually clarify this problem. 

To the reviewer the most impressive evidence for the existence of Wassermann 
antigen in the orgamsms causing such reactions is that of Landstemer and Van 
del Scheer (192, 193), who obtamed the antigen (trypanosomes) from rat blood, 
which in adequate control expenments led to no formation of Wassermann anti- 
body. It may, however, be argued that even if the antigen is present within the 
trypanosomes rather than as a surface contammant, orgamsms growing in a 
mammahan host may have derived their Wasseimann antigen from the host’s 
tissues, for similar phenomena have been found m vitro Ohtzki and Bernstein 
m 1916 (232) demonstrated that inoculation of bacteria cultivated m media con- 
taming human ascitic fluid led to formation of antibodies to this fluid. Failure 
to remove the contamination by thorough washing was taken to indicate mcor- 
poration of the foreign antigen within the organism Moie recent demonstra- 
tions of the addition to bacteria of ammal protems (4) or the ordinarily non- 
antigemc agar (274, 275) have shown that the phenomenon is rather one of 
adsorption, since it has been shown to occur with collodion and other non-living 
particles (4, 134) and with non-groivmg bacteria in the cold (311) Considera- 
tion of such reports has led Kabat (136, p 554) to lean toward the autogenous 
theory of the origm of Wassermann antibody. 
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It IS not entirely an academic question whether the organism absorbs or ad- 
sorbs the entire antigen molecule, or synthesizes it from simpler materials which 
are ultimately derived from the host Such bacterial synthesis might lead to the 
expectation of variation in the structure of the antigen and hence m the nature 
of the antibody, while if various organisms are capable ot some degree of render- 
ing active the host’s oivn Wassennattn antigen, the “false positive” antibodies 
thus formed might be expected to be mdistmguishable from the syphilitic ones 
The autogenous origin of the antigen would also offer a ready basis for explaining 
the development of false positii e reactions In view of the ubiquitous occuri ence 
of this antigen, however, it is also easy to conceive of this or related antigens as 
existmg in low concentration m a variety of mfectious agents which only occasion- 
ally give rise to positive reactions 

There are no cntical data by which to decide between the autogenous and 
spirochetal theories The vast body of evidence for the formation of various 
antibodies m response to the antigens of mfectious agents appears to the review er 
to place the burden of proof on those who would postulate a fundamentally dif- 
ferent mechanism m the formation of the Wassermann antibody The recent 
study of certain virus infections and tumors lias given nse to several new ex- 
amples of the same problem — cold autohemagglutimns formed in response to 
atypical pneumoma of unknown etiology (244, 288), antibodies to normal mouse 
and human lung appeanng durmg certam respiratory infections (285), and a 
natural antibody in adult rabbits, mdependent of Wassermann antibody, which 
fixes complement with a vanety of tissue extracts (159) ' Ifabat (136) has sug- 
gested that all of these may have arisen from activation of tissue antigens With 
regard to detecting false positive serologic tests for syphihs, however, it seems of 
less moment to decide whether spirochetes contam Wassermann antigen than 
whether they contam other antigens which might be used as the basis of a diag- 
nostic test 

With regard to the possibility of Wassermann antigen existmg in those organ- 
isms which cause false positive reactions, it may be noted that Ishibashi (129) 
produced positive Wassermann reactions in 2 rabbits immunized with ether ex- 
tracts of leprosy bacilli mixed with swine serum ns “Schlepper,” 2 rabbits im- 
munized with whole organisms failed to develop the reaction Those experi- 
ments were reported m insufficient detail and on too few animals 


4 Spirochetal Antigens 

(a) Carher Studies Shortly after the discovery of the Wassermann reaction 
and of tlie spirochete of syphilis Noguchi (230) reported the cultivation of tho 
organism, and he and otlicrs (44, 178, 230) reported the use of such cultivated 
orgamsms m a specific complement fixation test for syphilis Neithei this nor 
any other claim of tho retention of virulence by cultivated so called Treponema 


The mxterml m normal animal sera which flocculntca various tissue extracts, claimed 
by Duran-Rej nals (01) not to bo an antibody, appears from his own data to bo verj likely 
the natural W aasermann antibody of anmial sen, to bo discussed below In interpreting 
these results he nctlectcd to consider that scrum contains many antigens 
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Valhdum has survived, and it is universally accepted that the several strains 
represent either saprophytic contaminants of the original chancres or else at- 
tenuated tiue Treponema palhdum which has lost its virulence for rabbits m 
becoming adapted to an artificial culture medium Nevertheless, though these 
cultivated organisms are biologically, and hence immunologically, not identical 
with the oigamsms causing syphilis in man, subsequent work on their use as 
antigens has piovided encouragmg evidence of their reaction with syphihtic 
sera 


(b) Independence of Wassermann and Spirochetal Antigens Although cul- 
tured spirochetes have been subjected to alcoholic extraction (12, 122, 166, 184, 
253, 292) with varymg degiees of success m an effort to obtain a more specific 
Wassermann antigen, the mam promise of spirochetal antigens appears to the 
reviewer to he m the opposite direction, smce false positive sera which react with 
the lipid antigen of the spirochete (or tissue) may well lack antibodies to other 
antigenic components of the spirochete. Many species of bacteria have been 
found to possess a high degree of antigenic complexity, including proteins, 
hpids and carbohydrates, which may be expected to be shared by the Treponema^ 
pallidum. 

A number of mvestigators have provided evidence of antigemc differences 
between spirochetes and Wasseimann antigen Although Hoeltzer (123) found 
m madequate experiments that cultured spirochetes absorbed the Wassermann 
antibody from human syphilitic sera, Kroo (184) obtained opposite results 
Gaehtgens (91) noted that “Palhgen” (described below) produced in rabbits a 
high titer of antibodies to itself and a low titer to Wassermann antigen, m contrast 
to the approximately equal titers found m syphihtic rabbits, suggesting the pres- 
ence of other antigemc components m this spirochetal antigen Eagle and Hogan 
(73) observed no effect of exhaustive absorption with Wassermann antigen on 
the reaction of human syphilitic sera with Palligqn. Although they did find that 
Palhgen, on the other hand, absorbed the antibody of the Wassermann reaction, 
they have smce been vmable (personal commumcation) to repeat this observation 
with fleshly cultured Reiter strain spuochetes This suggests that the proprie- 
tary Palligen may have contamed beef-heart lipid, although it is also possible, 
masmuch as Eagle observed a large proportion of amorphous debris and soluble 
antigen (73, 80) m Palhgen, that the material durmg the period of transportation 
'from Germany had released lipid antigen ordmarily bound withm the orgamsms. 
Beck (12) and Kolmer et al (176) similarly observed mdependent absorption 
from human syphihtic sera of the antibodies to Wassermann antigen and to 
various strams of spuochetes, and concluded (12, 172) that the two types of anti- 


body are distinct ' , r -nr 

In summary, while there may yet be some question as to the presence of Was- 
sermann antigen in cultured spirochetes or m Treponema pallidum, there can be 
no question that all of these organisms have important antigens entuely distmct 
from Wassermann antigen. This antigemc mdependence may permt a spiro- 
chetal antigen of even imperfect specificity to furnish a useful verification test 
for sera positive to the usual hpid antigens 
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(c) “Palltgen" Complement Fixation Antigen The most encouragmg reports 
on a spirochetal antigen have been those concerned mth "Paihgen,” a proprietary 
preparation of phenolized cultured Peiter strain spirochetes introduced in 
Germany m 1929 by Gaehtgens (91, 92, 93) Since this was patented and com- 
mercially produced, its mode of preparation was never published The followmg 
decade produced 20 papers m German hterature (for bibhography see 80, 94) 
attesting to its supenority in sensitivity and specificity to the Wassermann anti- 
gen derived from beef heart Nevertheless, the notorious variability of the per- 
formance of the tests with which it was compared justifies cautious acceptance 
of such conclusions 

The results obtained with limited use of Palligen in this country have been 
moderately promising Erickson and Eagle (80) found it more sensitive than 
the Eagle complement fiiation and flocculation tests and apparently lughly 
specific, smce sypluhs was subsequently proved m 14 of the 17 cases m 542 
routine hospital admissions which had a positive Palligen but negative Eagle 
test In leprous sera both Eagle et al (74) and Patrick and Wolfe (242) reported 
a lower incidence of positive reactions with Palligen than with the usual serologic 
tests In malaria, however. Eagle et al (75) reported an even greater mcidence 
of reactions with his own preparation of Reitei and Kazan stram spuroohetes 
than with Wassermann antigen, as had Heinemann (118) in Germany ivith 
Palligen Erickson and Eagle (80) emphasized the danger of relymg on Palligen 
for routine testing since the dilution used m the test is excessn ely close to the 
antioomplementary dilution, but Eagle stated (75) that his own preparation of 
spirochetal antigen had a much wider margm of safety between the anticomple- 
mentary and the reactive dilutions 

(d) Other Cultured Spirochetal Antigens In spite of this promising back- 
ground, work with spirochetal antigens m this country receiv ed a discouraging 
setback m the 1941 Evaluation Survey (240, 173) Palligen was not tested in 
this survey, but Eagle’s spirochetal antigen gave 19% and Kolmcr’s preparation 
of the Reiter strain 0 3% false positive reactions m non-syphihtio cases evcludmg 
malaria and leprosy— values distmctly beyond the hmits tolerated for Wasser- 
mann antigens in the same survey In sensitivity the Eagle spirochetal antigen 
rated 75 9% as opposed to 59 2% for his Wassermann antigen, while Kolmer’s 
spirochetal and Wassermann antigens showed 70 6 and 74 1 % respectivel> The 
disappointmg lack of specificity evtended even somewhat to leprosy, in contrast 
to the earlier findmgs, smce the two spirochetal preparations were not sigmf- 
icantly more specific than certain other complement fixation or flocculation tests 

Kolmer et al (175, 170, 177) have pubhshed unsatisfactory results of testing 
various strains of spirochetes with syplulitic and non-syphilitic sera Although 
all the strains were as sensitive as the Wassermann antigen, false positn o reac- 
tions ranged from 13 5% with the Reiter strain and 22 9% with the Nicliols- 
Hough strain to 79 4% with a strain of mouth spirochetes Since the highest 
incidence of such reactions occurred wath mouth spirochetes, Kolmer concluded 
that “antigens of the Rcittr and other alleged cultures of S pallida cannot be 
used with any advantage m the serum diagnosis of syphilis,” probably because 
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of the frequency of cross-reactions m normal subjects with antibodies to the 
common mouth spirochetes To the reviewer the data of Kolmer, which differ 
strikmgly fiom the experience of other mvestigators, fail to justify such a sweep- 
mg condemnation of spirochetal antigens and can properly be apphed only to his 
own preparations 

Beck (12) has similarly found considerable antigenic variation m the available 
strams of cultivated spuochetes By cross-reaction and cross-absorption experi- 
ments with rabbit antisera, he found that the Reiter and Kazan strams were 
practically identical, as had been noted earher m Kazan, USSR (123), whereas 
the Kioo and Noguchi and a mouth stram were practically completely mdepend- 
ent of each other The spuochetal antigens were more sensitive than the 
Wassermann antigen m testmg several hundred syphihtic sera, the Reiter and 
Kazan stiams were best, and even the mouth stram reacted with 59 2% of the 
sera In specificity, the Reiter stram produced only 0 4, the Kazan 1 8, and the 
mouth stram 4 4% of false positive reactions Even though these strains are 
relatively mdependent antigemcally, it appears that syphilis produces anti- 
bodies which react to some degree ivith all of them The high degree of speci- 
ficity should encourage further work on cultured spirochetes, aimed at isolation 
of even more specifically leactmg strams than those at present available, and of 
antigen fractions other than Wassermaim antigen 

(e) Antigens of True Pre-ponema Palhdum As has been emphasized by Eagle 
(77, 71a), the solution of the false positive problem will probably appear when 
true T. pallidum is available for use as an antigen Thus far all attempts to cul- 
tivate this organism have failed, possibly the newer knowledge of the nutntional 
requirements of microorganisms will lead to renewed attack on this problem 
The methods of growth m chick embryos (277) or tissue cultures (155, 304) have 
not been successful 

The only source of true T. pallidum at present is infected animal tissue. 
Noguchi’s (230) suspension of testicular syphilomas of rabbits was not freed to 
any degree of host tissue An attempt to obtam relatively pure suspensions of 
“tissue” (virulent) spirochetes from this source was first reported by Hoeltzer 
and Popoff (122) Kolmer (177) has recently reported better results with such 
material than with cultured spirochetes, while Eagle and Hogan (73) have stated 
that techmcal difficulties have so far prevented the preparation of suspensions 
sufficiently fiee from tissue extractives and sufficiently concentrated to be useful 
Although such material could never be expected to be produced m quantities 
large enough for ividespiead testmg, pressing need for a verification test in the 
occasional perplexmg case warrants furthei work along these lines 

(f) Agglutination Tests Although complement fixation tests with cultured 
spirochetes appear promismg, agglutmation tests with the same organisms have 
invaiiably yielded a high proportion of reactions with normal sera (12, 34, 73, 
176) Kolmer (177) reported encouragmg results with tissue spirochetes ivith 
a very small series of 6 sera 

(g) Chemical Composition. In connection with the production in syphilis ol 
antibodies to a hpid antigen, it may be noted that trypanosomes, of which cer- 
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tain strains have been found to produce positive serologic tests for syphilis (183, 
189), have been repoited to have an exceptionally high (40-60%) content of 
lipid (162, 163) So far as could be ascertained no studies on the gross chemical 
position of spirochetes are available 

B The Nature of Syphilitic Antibodies 

(a) Wassennann Antibody in Positive Human Sera There is adequate 
evidence that the Wassermann antibody, like all other antibodies, is a modified 
globulm It would not be profitable to review the eaihei disputes as to whether 
it was a euglobulm or a pseudo globulm smce neither the methods of fractiona- 
tion nor the methods of serologic testmg were well standardized In almost all 
of these studies the serologic tests were confined to complement fixation, which 
are unreliable with globulm fractions because of their anticomplementaiy tend- 
ency (49) As was pointed out by Eagle (68), numerous earher claims of arti- 
ficial production of positive Wassermann reactions by various types of chemical 
and physical treatment of normal sera could best be explained as a summation of 
the sublimmal anticomplementary effect of the earher antigens with the anti- 
complementary effect mduced by these modes of treatment It has recently 
been stated (1, 271) that normal sera contained with certain strains of B subtilis 
develop a positive Wassermann test without being anticomplementary, this 
lemams to be confirmed 

Eagle (70) has measured the amount of nitrogen precipitated by antigen 
from syphilitic sera of known titer and shoivn that a positive flocculation test 
was produced by 0 3 mg of antibody protem per 100 ml of serum, which is 
approximately 1/20, 000th of the total protem present Thus the Wassermann 
antibody of oven a syphilitic serum of high titer (e g 1 64) would represent only 
a fraction of 1% of its protem Witebsky (306, 307, 308) recovered purified 
Wassermann antibody from specific floccules by heatmg, a method introduced 
for other antibodies by Landsteiner and Jagio (188), while Bier and Trapp (20) 
used Heidelberger and Kendall’s (116) method of dissociation by 15% NaCl 
The small amounts of antibody recovered m these investigations ivere not further 
studied Kolmer (171) failed to obtam a solution of pure antibody by the treat- 
ment of floccules ivith organic solvents Methods usmg either 15% NaCl plus 
ether or alcohol plus ether have recently yielded from large volumes of high-titer 
sera sufficient Wassermann antibody for physicochemical study (50) Serologic 
testmg of electrophoretically separated fractions, as well as electrophoresis of 
purified antibody, showed that the antibody had a mobility intermediate be- 
ti\een beta and gamma globulin (50), as had been demonstrated for a number of 
antibodies m animal sera, although most antibodies have the mobility of gamma 
globulm (Rev in 136) The fact that no separate component could bo seen at 
that position m the electrophoresis of syphilitic serum was consistent with the 
axtremely low concentration of this antibody 
Ultracentnfugation of whole serum was shown by Deutsch (55) to result m 
relative concentration of the antibody m the sediment, mdicating that the anti- 
body was a heavier molecule tlian the bulk of the scrum globulm, by calculations 
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of veiy linuted ^reliability she concluded that it had a molecular weight of 1,130 - 
000 While Davis et al (50) weie able to confirm the relative concentration of 
antibody in the ultiacentiifuged sediment of syphilitic sera, their preparations of 
purified antibody showed both a light component and a heavy component, of 
sedimentation constants 7 and 19 Svedbeigs, corresponding to the globuhns of 
' molecular weight 160,000 and 990,000 which had been observed in numerous ani- 
mal antiseia The only othei purified human antibody to have been studied in 
the ultracentiifuge was from a convalescent pneumonia patient and had a 
moleculai weight of 160,000 (135) 

The eailiei obseivation of Hartley (106) that lemoval of the alcohol and ether 
soluble constituents abolished the Wasseimann leaction of syphilitic seia, as well 
as some (but not all) precipitin leactions of vanous labbit antiseia, has been con- 
fiimed by Hoisfall and Goodner (125) for ceitam types of antisera This ob- 
seivation of Haitley is difficult to reconcde with the serologic activity of puiified 
Wassei mann antibody which had been tieated ivith these reagents m the process 
of prepaiation (50) 

(b) Natural Wassermann Antibody tn Normal Human Sera Purpoited dem- 
onstrations of the existence of small amounts of Wassermann antibody m noimal 
seia have been based on ultranucioscopic examination of the floccules (209), 
addition of the normal serum to subliminal amounts of syphilitic serum oi globu- 
lin (7, 267) , a “ividespiead I^ahn” test in which the ratio of seium to antigen is 
inci eased (269, 270), and alteration of the antigen so that it is piecipitated by 
almost 100% of normal sera (145, 151) These studies fail to piove their pomt 
since 'they neglect the facts that an altered antigen does not necessaiily interact 
with the same substance as the oiigmal antigen, and that vanations m the con- 
centration of antigen and of seium proteins have an appreciable effect on floc- 
culation Thus the flocculation oi complement fixation titer of purified Wasser- 
mann antibody was found to be inci eased 2 to 4 times by the addition of normal 
serum oi albumin (50) 

Lund (202), howevei, has succeeded m demonstrating the presence m normal 
serum of Wasseimann antibody, using the techmc of exposmg Kline antigen to 
larger volumes of serum than usual, centiifugmg, and lesuspending the floccules 
in a small volume The incidence of such reactions increases -with mcreasing 
latios of serum to antigen, the majority of noimal subjects showing positive ie- 
actions with ratios 10 times those used m the diagnostic test The presence in 
non-syphilitics of small amounts of Wassermann antibody is no more surprising 
than the presence m normal sera of low titer antibodies to a variety of organisms 
and led cells. While the oiigin of these natural antibodies is still a matter of 
dispute (187), the potential practical sigmficance of this fact is that false positive 
tests m healthy mdividuals may represent a concentration of this natuial anti- 
body which exceeds the threshold of the diagnostic test Any differences which 
exist between the low titei natural antibodies and those of syphditic sera might 
therefore be expected to apply to this class of false positive sera^ Work m tins 
direction is bemg pursued by Lund (personal commumcation) A basis for the 
supposition that such differences, might^exist is offered by the observation by 
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Landstemer and Reich (190) m 1907 of differences between natural hnd induced 
hemagglutinins in adsorbability by casein, stabihty to heating, and degree of 
cross-reaction with the erythocytes of various species Unfortunately the dif- 
ference in degree of cross-reaction, which is less empirical than the other observa- 
tions, was not as strikmg as might be desired 

(c) Wcissenna 7 in Antibody in Aninial Sere Positive flocculation and comple- 
ment fi.\ation tests for syphilis have been reported m a high proportion of normal 
rabbits, mice, horses, cattle, and many other species of animals, Kemp et al 
(158) have recently reviev.ed 90 references wluch deal with this subject The 
significance of these observations seems to be simply that the natural antibodies 
occur at higher concentration m these species than in man The revien er agrees 
with Kemp that “ the frequency with which positive tests for syphilis occurs 
m anunals other than man is not relevant to the problem as to their validity in 
man ” The occurrence of this natural antibody in rabbits is a source of error 
in experimental work done with these animals 

(d) Other Syphilitic Antibodies — Donath-Landsteiner, Protective The prob- 
able existence in syphilitic sera of antibodies to the spirochete, other than 
Wassermann antibody, has been discussed above m eonnection ivith spirochetal 
antigens There exists evidence of two additional types of syphihtio antibody 
— ^Donath-Landsteiner autohemolysms, and protective antibodies 

The autohemolysms, which attach themselves to red cells on exposure to cold 
and subsequently cause hemolysis when warmed in the presence of complement, 
were discovered as a result of mvestigation of rare cases of paroxysmal hemo- 
globmuna Although the moidence of this complication of syphilis is extremely 
low, it IS sigmficant that Donath and Landstemer (56) found the autohemolysin 
in the blood of 7 out of 93 paretics mvestigated, of whom only one liad paroxysmal 
hemoglobinura, while Kumagai and Inoue (185) were able to demonstrate it in 
7 out of 35 patients wth late syphilis, none of whom had paroxysmal hemo- 
globmuna Since several investigators found that absorption of the hemolysin 
did not alter the response of the serum to the Wassermann test (reviewed in 204), 
it appears that the antibodies are distinct, the reverse experiment, with absorp- 
tion by Wassermmn antigen, would be desirable but has not been reported 
(201) This rather high incidence of low titer autohemolysms suggests that 
human erythrocytes contain an antigen other than the Wassermann antigen 
which might conceivably, after purification and concentration, prove useful as 
a serodiagnostic antigen for sypliihs This possibility does not appear to have 
been mvestigated Nanba (228) has repoited the production in rabbits of cold 
autohemolysms of Donath-Landsteiner type by the injection of suspensions of a 
variety of organs of various ammals These expenment s, which indicate a wide 
distnbution for this antigen just as for Wassermann antigen, are reported in in- 
adequate detail and need confirmation 
The earlier literature on the immune protective mechanisms operative in 
syphilis, which has been reviewed by Chesney (U), did not establish the presence 
of circulatingprotectiveantibodies RecentlyTam (281) has clamied the demon- 
stration of these by a prolongation of the mcubation period and reduction m the 
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Size of the lesion in rabbits injected intracutaneously with mixtures of spiro- 
chetes (emulsion of rabbit syphiloma) and syphihtic serum, compared with con- 
trol mixtuies wth normal seium injected simultaneously into the same rabbit. 
The iiiegularity of his data offei no justification for his conclusion, nor was 
Beck (11) able to demonstrate protective antibodies by the same technique 
Turner (289), however, by using a minimal dose of a standard frozen suspension 
of spirochetes, found that syphilitic serum prolonged the incubation period and 
decreased the size of primary skin lesions in rabbits Although the demonstra- 
tion of piotective antibodies might furmsh an excellent veiification test for 
83q)hilis, the delicate and laborious character of such procedures makes the 
development of useful apphcations of this techmc appear unlikely. Early work 
on precipitms, opsomns, and skin reactive substances in the diagnosis of syphilis 
is reviewed by Eagle (71) 


6. Venficatton Tests 

(a) Earlier Studies There have been a number of attempts to elimmate m- 
correct diagnoses not only by improvements in the serodiagnostic antigens, but 
also by the development of verification tests based on differences between ti ue and 
false positive sera Wassermann’s (295) verification test, based on an alleged 
separation of antibody from antigen by filtration, is of historic mterest only. 

^ Witebsky (307) obtained purified antibody from a malarial serum as well as from 
syphilitic sera by his method of heat dissociation, but since he failed to recover 
any fiom certain other false positive sera, it was concluded that his procedure 
might be used to distinguish those false positive leactions which were not caused 
by an antibody D’Alessandio and Sofia (48) also obtained purified antibody 
from certain false positive sera by a modification of this method. Bier and Tiapp 
(20) fiom a leprous serum by a method involving dissociation by 15% salt, and 
the reviewer (50) from seveial false positive seia by the use of 15% salt plus 
ether Failure to lecover antibody cannot be used as a criterion of a false 
positive serum unless the proceduie used yields antibody regulaily from even 
low titer syphilitic 'sera Since this was not shown for any of the above pro- 
cedures, and since most false positive seia are of low titei, the failure to recover 
antibody fiom ceitain false positive sera was piobably due to the low concentra- 
tion of antibody in these sera rathei than to the non-antibody character of the 
reactmg substance — a concept for which theie is little evidence 

(b) The Kahn Verification Tests In 1940 Kahn (140, 141) introduced a 
verification test based upon the observation tha,t the serum of syphilitic persons 
(148) or syphilitic rabbits (210) flocculated more strongly or m higher dilution 
with Kahn antigen at 37° C than at 0° C (“syphilitic” type of reaction), whereas 
the opposite (“general biologic” type of reaction) was tiue of the negative (150) 
or positive sera of non-syphilitic persons (149) or ammals (147) Although the 
results obtained with this test were considered very encouraging, two years later 
(142) he offei ed another empirical test based on a difference in the degree of re- 
action m hypertomc and hypotonic salme (see also Gieen and Shaughnessy (98)) 
The latest veriflcation proceduie recommended by Kahn (144) involves several 
variations and permutations of these two tests 
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Chargin and Rem (40), employmg the Kahn differential temperature venfica- 
tion test on 1,565 patients, found that m general syphihtic and non-sypluhtic 
patients gave the syphilitic and general biologic types of reaction respectively 
However, 10 3% of treated syphilitics with weak standard Kahn tests gave the 
general biologic type of reaction It is apparent from these data, as well as 
from Ifahn’s papers noted above, that strongly positive sera quite regularly give 
the syphihtic type of reaction, but weakly positive sera, whether syphilitic or 
not, tend to give the other type of reaction De Groat (53) obtamed the general 
biologic reaction m 6 malarial patients with transient positive standard Kahn 
tests In both the above studies the verification tests w ere performed m Kahn’s 
laboratory No other laboratory has reported encouragmg results Green and 
Forster (97) and Beveridge (19) concluded that the chief contribution of Kahn’s 
verification test was the demonstration of increased sensitivity at higher tempera- 
tures The latter investigator obtamed 28 general biologic reactions among 335 
syphilitic and non-syphilitic sera, 14 of these were m proven cases of syphilis 
The occurrence of the syphihtic type of differential temperature Kahn venfica- 
tion test in a few false positive post-vaccmial sera has been reported by several 
mvestigators (201, 203, 284) 

To the reviewer the evidence for the reliabihty of these Kahn venfication tests 
IS entirely inadequate That the tests are thoroughly empirical may be a reason 
for skepticism but not for repudiation, for the Wassermann test itself is irrational 
in that non-syphilitio tissue is the source of the antigen ICahn, however, seems 
to have presented these tests with excessive enthusiasm Thus, when he found 
that 10 low titer leprous sera gave the general biologic type of reaction, while 
10 sera of higher titer gave the syphihtic type, it was concluded that the latter 
group might have syphilis (149), although the study was set up m order to test 
the procedure agamst these false positive sera rather than the reverse The 
several changes m procedure also lend no support to their rehability ''iVhile it is 
conceivable that there may be some value m these tests, it is to be regretted that 
they have already been prematurely accepted by some as an established verifica- 
tion test (38), and have even been recommended for routme use m countries wnth 
a high incidence of endemic malaria (130) 

This criticism of the Kahn verification procedures involves n<j,referonce to the 
Kahn Standard serodiagnostic test, which has long been one of the most respected 
flocculation tests 

(c) Other Empirical Dijjerencca A difference in stability to heatmg, as was 
reported by Landstemer (190) tor natural and induced hemagglutinins, has been 
reported (184) for Wassermann and spirochetal antibodies, but this could not bo 
confirmed (12, 73) No difference m thermal stability has been noted between 
the Wassermann antibody of syphilitic human and various normal animal sera 
(205, 2G0) Since thermal stability depends not only on the properties of the 
antibody but on the medium m which it is heated (8), and smeo the com- 
plement fixing and flocculating power of the same antibody may be differently 
affected (8, 260), it is not surprising that conflictmg results have been reported 
Studies along these and other physico chemical Imcs are being carried out by 
Ncurath and Beard (personal communication) It may bo noted that Casals 
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and Palacios (39), performing complement fixation tests for rabies and encepha- 
litis, were able to remove the interfermg reactions of sera with normal brain 
antigen by means of moderate heatmg (60°-65°C.), which did not destroy the 
specific antibodies to the viruses 

Cooper and Atlas are reported (31) to have found m the electrophoresis of 13 
syphilitic sera m barbiturate buffer an absence of the “beta disturbance,” which 
occurs in most normal sera, and it was suggested that “the electiophoretic pat- 
tern of a serum may be more specific for syphilis than either the Wassermann or 
the Kahn test.” In view of the non-specificity of the changes in the electro- 
phoretic patterns of serum which have been noted m a variety of diseases, it ap- 
pears to the reviewer extremely unlikely that such a change will prove to be 
specfic for syphilis Another electrophoretic anomaly which has been observed 
is the formation of a fine precipitate m the region of isolated gamma globuhn 
in the electrophoresis of a number of syphilitic and false positive sera (43, 50); 
its nature is unknown. Studies of the electrophoretic mobility and ultracentrd- 
ugal sedimentation of the antibody of a number of false positive sera (50) were 
unable to demonstrate any sigmficant difference from syphilitic sera. 

It has been noted (243) that syphilis, like a variety of infectious diseases, pro- 
duces an increase m serum globulm. As was pomted out earlier m this review 
(II -4p) , there is no clear evidence that hyperglobulmemia per se produces 
false positive reactions , it therefore does not appear reasonable to expect the 
albumm-globuhn ratio to help to distingmsh false positive reactions, except inso- 
far as it may aid m the diagnosis of such diseases as lupus erythematosus 

While it is not inconceivable that empirical differences of the above or other 
types may exist between syphilitic and false positive sera, it is to be emphasized 
that there is ample evidence that electrophoretic, ultracentiifugal, and immuno- 
chemical properties of antibodies to a given antigen m horses may vary among 
mdividual animals or even m the course of immumzation of a given mdividual 
(reviewed m 136, p 536) Heidelberger and Kendall have shoivn that rabbit 
antibodies to such pure antigens as egg albumm (115) and pneumococcus Type 
III polysaccharide ^14) aie not homogeneous, different portions of the antibody 
(which vary in relative concentiation durmg immunization) displaying different 
avidity for the antigen Antibody which formed particularly soluble complexes 
with antigen was subsequently termed “univalent” (117) In view of this 
heterogeneity of antibody, it is particularly important that any empiiical pro- 
cedure be tested on a large series of syphilitic sera, especially those of low titer, 
which might be expected to resemble most closely false positive sera Geneiali- 
ties which apply to a few dozen sera carefully studied in a scientific investigation 
may well find exceptions when applied to the thousands of sera encountered m 
routme testmg 

7 Requirements of a Verification Test 

Although the evaluation of any new serodiagnostic procedure m this country 
has depended on its record in the Origmal Methods Evaluation Surveys, it would 
be well to point out that the requiiements of a verification test are not identical 
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with those of a serodiagnostic test Since the causes of false positive reactions 
are multiple, there are probably a variety of substances causing false positive 
reactions m sera, and it would not be reasonable to expect any single verification 
test to distinguish all false positive sera It is also entirely possible that results 
obtained with malarial (or leprous) sera would furnish no indication of the value 
of a verification test in distmguistung the “normal” case with penstently posi- 
tive reactions, which is the most perplexing diagnostic problem On the other 
hand, investigation of this latter group is clouded by the inevitable suspicion that 
syphihs may, after all, bo present 

To the reviewer it appears that' the most important reqmrement of a venfica- 
tion test IS that it should give no appreciable number of false negative reactions 
m cases of seropositive knoivn syphihs — i e , that it should have a sensitivity in 
the Evaluation Surveys at least equal to that of the accepted serodiagnostic tests 
If it then gave a high proportion of negative reactions in an adequate senes of 
“normal” or other types of false positive sera, the results would have some 
value This would be true regardless of the specificity shown by the test in the 
Evaluation Surveys, smee a verification test, by defimtion, would not be used 
except on sera which were positive to the standard tests Encouragement m 
the hope that the non-specificity of the spirochetal antigen might extend to 
different sera from that of the Wassermann antigen is offered by the observations 
of Beck (12), who found that his spirochetal antigen was slightly less specific 
than his Wassermann antigen (1 6% and 1 2% false positive reactions, respec- 
tively), but no sera were falsely positive to both tests Considering the results of 
the 19-11 Survey (240) from this point of view, it appears to the reviewer that the 
results obtained mth Eagle’s spirochetal antigen (75 9% sensitivity as opposed 
to 59 2 to 79 0% for 24 other complement fixation and flocculation procedures) 
are extremely encouragmg m spite of 1 9% of positive reactions ivith normal sera 

8 Avenues of Future Approach 

The attempts to differentiate false positive from syphihtio sera may be 
grouped mto empirical and immunological tests, none of which has yet offered a 
reliable method Empirical differences have been souglit in stability to heat, 
solubility, and electrophoretic and ultracentrifugal characteristics of the reacting 
substances, as a ell as in the optimum temperature and salt concentration of the 
reactions To the reviewer the more promising and rational approach to detec- 
tion of delicate differences between immunologically cross-reacting antibodies 
would involve immunological methods These include 1) purification of the 
antigen obtained from mammalian tissue (beef heart), 2) testmg for entirely 
different antibodies produced m syphilis, such as (a) antibodies of the Donath- 
Landsteiner type, (b) protective antibodies, and (o) antibodies reacting with 
spirochetes immunologically as close as possible to the true virulent Treponema 
pallidum, and 3) dissociation of antibody from flocoules, on the supposition that 
certain false positno sera react by virtue of physico-chemical abnormalities not 
mvolving dissociable antibodies 

The Donath-Landstemer and protective antibodies have not been studied 
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With, reference to this problem , the dissociation of antibodies appears unpi onus- 
ing for reasons discussed above (Section III 6a) The most deservmg of further 
work appear to be purification of Wassermann antigen and studies of spirochetes 
and their chemical fractions Spirochetal work will be greatly benefited if 
developments m the field of bactenal metabolism lead to the cultivation of true 
Treponema pallidum The encouragement by the reviewer of further work on 
spirochetes is based on no personal experience, but rather on the evidence that 
spirochetal antigens react with antibodies other than Wasseimann antibody, 
and on the results reported on the reactions of these antigens with syphilitic sera. 
This enthusiasm may be tempered by the evidence that certam types of false 
positive sera (e g , malaria and possibly leprosy) cf Section III 4c) cannot be 
distinguished from syphilitic seia by antigens composed of unfractionated cul- 
tivated spirochetes. 

A fourth immunological method, which has not been applied to this problem, 
IS based on the fact that cross-reactmg antibodies to a given antigen may be dif- 
ferentially absorbed by related antigens Thus Stuart (279) has shown that 
sheep cell agglutimns of different origm may be differentially absorbed by 
erythrocytes or other tissues of various species Encouragement m the applica- 
bihty of this approach to the present problem is offered by the observation of 
Mackie and Anderson (205) that an acetone-soluble fi action of sheep heart 
(normally discarded m the preparation of the alcohol-soluble, acetone-insoluble 
diagnostic antigen) flocculated with non-syphihtic as well as syphilitic human 
sera Absorption of seropositive rabbit sera with this substance removed their 
capacity to react with further additions of the same antigen, but did not mterfere 
with their reaction with Wassermann antigen. It is very likely that the various 
serodiagnostic antigens contain moie or less of such substances It is possible 
that" some false positive sera, especially those reacting to markedly different 
degree with various antigens, nught contain large amounts of antibody to these 
contammatmg antigens, which could be absorbed out 

Since most false positive tests are weakly positive, a large proportion of them 
could be elimmated if the sensitivity of the serodiagnostic tests were set at a lower 
level This approach is impracticable since it would defeat the purpose of routine 
testing, which even now misses a certain number of cases of syphilis (80) The 
danger of false negative tests is illustrated by the occasional occurrence of 
congenital syphilis in children of seronegative mothers (297) 

IV CLINICAL DIAGNOSIS OF FALSE POSITIVE CASES 

1. Procedures Recommended in Suspected Cases 

1) Examination for syphilis. The physician can begm to suspect a case of 
bemg false positive only after a meticulous and detailed histoiy and physical 
examination have failed to elicit signs oi symptoms of the disease, and then only 
if the patient appears to be honest and lehable With a histoiy of possible ex- 
posure, it must be remembered that if biologic. false positive reactions occur in 
virgins, they must also occur m that laige body of adults who have had sexual 
exposures The suspicion of syphilis is necessarily greater m the latter group, 
but less so if the positive test developed without sexual exposure smce a pievious 
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negative test In talung the history, it is of the utmost importance to stress to 
the patient the danger to his future health if an omission from his history should 
lead to the withholding of treatment for syphilis An apparently false positive 
diagnosis may be based on a false negative history 

2) Search for basis on a fahe -positive reaction The physician must be alert 
to the various knoivn causes of false positive reactions The only ones which 
are common m this country are malaria, infectious mononucleosis, certain types 
of respnatory infection, vaccination against small-pox, and possibly other in- 
adequately investigated diseases such as measles, mumps, and infectious hepatitis 
Smee the relation of false positive reactions to a number of common infectious 
diseases is not clear, any febrile disease occuring withm tliree months preceding 
the test may be suspected as the cause of a false positive reaction, but is not 
essential to such a diagnosis 

3) Epidemiology Serologic testmg of the parents, siblmgs, and children of 
the patient is indicated, as well as investigation of the spouse and any other 
sexual contacts The occurrence of more than one seropositive peison in a 
family is not proof positive of syphilis, for transiently positive tests have been 
recorded m several members of 2 families suffering fiom “bronchitis” (196, 312) 
On the other hand, m two studies (105, 182) of the mcidence of syplulis m the 
spouses of known syphilitics, it was found that approximately half were free of 
the disease These senes mcluded all age groups, and so do not disprove the 
reasonable assumption that in young adults absence of the mfcotion in the 
marital partner is strong evidence against the presence of syphilis 

4) Repealed tests An mitial positive serologic test for syphilis is always the 
indication for immediate repetition to elimmate the likelihood of technical error 

.Unless the laboratory performing the test is known to be very reliable, it is de- 
sirable to have a positive or doubtful specimen checked in another laboratory 
As was noted earher, the sensitmty of these tests m even the best hboratones 
varies so much from day to day (216, cf Evaluation Surveys 47, 240) that re- 
peated tests fluctuating between positive, doubtful, and negative, are anmdica- 
tion only of a low titer serum, which may be syphihtic oi not It is also desirable 
in a questionable case to have the serum tested by a variety of antigens, although 
discrepancies among such tests do not disprove the presence of syphilis Ma- 
honey (207) has stated that disciepant serologic findings with a battery of tests 
are the rule rather than the exception m treated syphilis, but aie not the expected 
finding in untreated syphilis of any appreciable duration and hence are not an 
adequate basis for the arbitrary diagnosis of sjqihihs 

5) Quantilaliic tests iMost false positive sera ha\c weak reactions, m young 
adults, in whom acquired syphilis would exist m the early stages, such weak 
reactions are suggostue of a false positive test On the other hand, as ivith 
almost all the phenomena discussed in this review, the distribution curves of true 
and false positives may bo expected to overlap, for as high as 3 8% of a senes of 
1 IS c ises of secondary syplulis had a low titer (median 5 umts Eagle complement 
fixation) (16) even though most' secondary ca=os have the highest titers of all 
syphilitics, while over 10% of a senes of cases of active late lues were seronegative 
(218) On the other hand, a high titer reaction, although stronger evidence of 
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syphilis than a weak reaction, is not adequate proof Suspected sera which are 
strong enough to be titered quantitatively should be followed with periodic quan- 
titative tests in the same laboratory for weeks or months, since a false positive 
reaction may fall rapidly in titer, while untreated syphilis would not . 

6) Period of prohaiion Since none of the available laboratory procedures 
can definitely distmgmsh false positive sera, and since occasional cases occur with- 
out obvious cause, the most unportant procedure m handhng such cases is ob- 
servation without treatment A positive serologic test is not an emergency. 
Although the results of treatment are best in early cases, delay of a few months 
in a case of latent syphilis is not likely to affect the outcome appieciably The 
one absolute contraindication to such delay is pregnancy, m which the risk to 
the fetus is not justified 

Very few of the reported positive reactions f oUowmg various infectious diseases 
peisisted for more than three months, most of them having cleared within two 
weeks The Veneieal Disease Control Branch of the U S Army has recently 
instituted the practice (290) of followmg serologically at 2-4 week _mtervals 
patients discovered to be seropositive followmg vaccmation or an acute infection 
but havmg no conclusive history or clmical manifestations of S 3 rphihs, if the 
case remains positive at the end of 3 months, treatment is started This would 
seem to be a reasonable rule for the civihan practitioner Many of these cases 
will have lost their positive reactions within three months Whether to treat 
the persistently positive case as syphilitic will be further discussed below (Section 
IV 2) 

7) Cerebrospinal fluid The testing of the spinal fluid m the absence of symp- 
toms IS, like the initiation of treatment, not an emeigency, and should be de- 
ferred durmg the period of probation m which the patient's serology is being fol- 
lowed If the test becomes negative an unpleasant procedure will have been 
avoided If, however, the seiology remams positive but it is decided to with- 
hold treatment, a serologic test of the spmal fluid is indicated 

8) Supplementary tests Most of the above procedures have been recom- 
mended by Moore and coworkers (217, 219) In addition they recommend a 
number of procedures which are desirable for the complete clmical study of these 
puzzlmg cases, but ivhich cannot be expected to be of practical assistance except 
m very rare instances These mclude search for malarial parasites and for the 
characteristic leukocytes of infectious mononucleosis and deterrmnation of the 
heterophile antibody titer and sedimentation rate Other suggested procedures, 
such as the TCnbn veiification test and tests ivith spirochetal antigen and with 
such non-specific antigens as various bactena, milk, and lecithm, may be worth 
mcorporatmg mto research piojects m this field, but are not well enough estab- 
lished at present to be of value to the practicmg physician 

2 The Persistently Positive Case 

Little help in diagnosis can be expected from the various laboratory procedures 
outhned immediately above The conclusion was reached that any seropositive 
patient without defimte evidence of syphihs should ideally be followed for at 
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least three montlis without treatment, whether or not any known cause for a 
false positive reaction is present’ Although a venfication test would be de- 
su-able to ehimnate the confusion, inconvemence, and psychic trauma of the 
probation period m the group of patients who become negative, they can easily 
be detected if the practitioner will cultivate a sufiSciently high mdev of suspicion 
toward serologic tests, and will implement this with sufficient patience The 
persistently positive cases, however, will remain a difficult problem until a re- 
hable venfication test is available 

Although such patients are undoubtedly bemg followed without treatment by a 
number of syphilologists, the only publication on an extensive senes of this kind 
IS from Moore’s chmo (214) The justification for taking this responsibihty ap- 
pears to the reviewer to rest on several considerations 1) While accurate prog- 
nosis for untreated syphilis is impossible, it is estimated (221, 222) that approxi- 
mately 1/3 will re main latent and 1/3 will undergo spontaneous climcal and 
serologic cure, with only 25% developmg disabling or fatal disease This is 
borne out by the recent analysis of a series of autopsies on 380 patients diagnosed 
ohmcally or serologically as syphilitic (21, 256, 257) , of these only 10% had dem- 
onstrable sypluhtic lesions, and 20% fatal lesions Of the seropositiv'e cases 
without climcal evidence of sj^ilulis, only 20% had lesions (21) It is possible 
that many of these were false positive, but even if they are regarded as burned- 
out s^Tihilis, the argument for withholdmg treatment remains equally applic- 
able 2) It IS known that present modes of treatment aie considerably less 
successful m cffeotmg cure of late than of early syphilis These asymptomatic 
questionable oases, if syphilitic, would have to be classified as either congcmtal 
or late latent, and hence fall into the relatively treatment-resistant group 
3) Since syphilis m these stages is not contagious, there is no epidemiological 
mdication for treatment (axcept m the case of pregnancy) 4) Fmallj’’, anti- 
syphihtio treatment is dangerous and should not be given unless the risk is 
justified by the actual existence of syphilis (219) This consideration may be 
largely eliminated if the recently discovered value ui the treatment of early 
syphilis (208) of the less tovic drug, pemcilhn, proves apphcable to the latent 
stages of the disease This would not, however, ehminate the important social, 
psychological, and economic reasons for avoiding a false diagnosis of syphdis 
In spite of these considerations, it is necessary to note the statement that ‘‘Of 
patients mth proved syphilis of vanous types, at least one-tlurd of the men and 
one half of the women can give no story of early symptoms” (219), although 
statistics m support of this are difficult to obtain The responsibility for wnt h- 
holding treatment of a case with a pereistentlj positive serologic test should 
therefore be taken only by a syphiiologist of experience The hazard of this re- 
sponsibihty will bo clarified by the futiwe course of such cases which are now being 
followed 


r Tina rcconujiendition must be modified bj other conbidcrations, such <13 the sjphilo- 
phobia of aorat. patients whicli would Icid them to (.rasp too tenociously At the hope of a 

lalac rpnetmn * 
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' " V. SUMMARY 

The seiologic tests for syphihs are subject to marked variations m sensitivity, 
these largely account for the discrepancies in published reports on the incidence 
of biologic false positive tests in various diseases Many of the cases reported 
have undoubtedly been technical false positives based on unreliable earlier Was- 
sermann tests Standards of perfoimance of Wassermann (complement fixa- 
tion) and flocculation tests have been elevated by international and United 
States Serologic Evaluation Surveys, but fluctuation m day to day results on 
weakly positive seia is still inevitable In order to avoid technical false positive 
reactions, it is desirable to obtam more than one positive test before considering 
a case biologic false positive. 

The incidence of transient positive tests following acute infections depends 
largely on the frequency of testing durmg the acute and convalescent stages. 
Although post-infectious or post-vaccmial positive reactions occasionally last 
as long as 3 months, most become negative within a few days or weeks Since 
it IS customary to peiform serologic tests on hospital patients only on admission, 
at which time acute infections have not fully developed their antibodies, it is 
likely that the ability of many common mfections to lead to' false positive sero- 
logic tests is grossly underestimated Those causes of tiansient positive reac- 
tions (malaria and vaccmation) which have been tested at short intervals have 
shown some degree of reaction in nearly 100% of the cases, but the majority of 
these were only 1 or 2 plus reactions, and would ordinarily be reported as nega- 
tive or doubtful Similar studies would be desirable in a variety of common m- 
fectious diseases. 

False positive serologic tests are common (more than 10% of cases) m leprosy, 
malaria in the acute stages, infectious mononucleosis, vaccination against small- 
pox, rat-bite fevei due to Spiiillum mmus, relapsing fever, lupus erythematosus, 
and possibly certain types of atypical pneumonia There is no reliable evidence 
that the serologic tests are sigmficantly affected by pregnancy, menstruation, 
scarlet fever, jaundice (othei than infectious), subacute bacteiial endocaiditis, 
tuberculosis, oi hyperprotememia, in spite of earher reports Inadequate data 
are available on measles, mumps, infectious hepatitis, lymphopathia venereum, 
chancioid, and many other diseases 

Transient false positive reactions may occur in apparently normal individuals 
ivithout recent illness, and in cases of some diseases m which the incidence is so 
low as to suggest that the relationship may be coincidental It has recently been 
suggested that even peisistently positive leactions may occur in non-syphilitic 
patients Since a large proportion of seropositive jatients have no syphilitic 
lesions at autopsy, it is entirely possible that many seropositive persons without 
a history or signs of the disease have been mistakenly diagnosed and treated for 
latent syphilis Suiveys of normal populations have shmvn that the incidence 
of false positive reactions is only a small fraction of 1%, but in laige serologic 
dragnets the number of mnocent victims may be large, and the psychological, 
social, and legal consequences to the individual may be serious 

Smce low titer syphilitic sera may show discrepancies between the results ob- 
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tamed with vanous test antigens, and fluctuation m apparent reactivity of suc- 
cessive sera, these are not adequate criteria for considering a positive serum false 
The various complement fixation and flocculation tests for syphilis are antigen- 
antibody reactions The lipid antigen is widely distnbuted m human and other 
mammalian tissues, and is an effective antigen for fornung antibodies if mixed 
with a foreign protein before inoculation (hapten phenomenon) It is not clear 
whether the Wasseimann antibody is formed in response to Wassermann anti- 
gen from the organisms or to tissue antigen rendered active by the spirochete 
If the latter hypothesis is correct, no difference would be expected to exist be- 
tween the Wassermann antibodies in syphilis and m other diseases 
Some of the false positive reactions may be eliminated in the future by puri- 
fication and improvement in specificity of lipid antigens of the Wasseimann 
group, but there is no reason to expect all false Wassermann antibodies to differ 
in any given respect from the true antibody Attempts to find consistent em- 
pirical physico chemical differences between syphihtic and false positive sera 
have thus far failed To the reviener the most promising approach to the 
problem is the detection of antibodies to antigens of the spirochete other than 
Wassermann antigen Although virulent Treponema pallidum has not yet been 
cultivated, certain strains of cultured spirochetes have been found to be anti- 
gemcally distinct from Wassermann antigen in the complement fixation test, 
and to detect syphilitic scia with eiicouragmg regularity The specificity of 
such a spirochetal antigen nas found in the 1941 TJ S Serologic Evaluation Sur- 
vey to be too low to permit its use as a serodiagnostic proceduie, but tins does 
not eliminate its potential value as a verification test Further work is indicated 

Measures are recommended for the handimg of seropositive cases which have 
no clinical basis for diagnosing sypluhs A positive serologic test is not an 
emergency The most important procedure, in the absence of pregnancy, is a 
probationary penod of at least 3 mouths before starting treatment While many 
false positive tests will bo revealed as transient durmg this period, there is no 
verification test available today to help m the diagnosis of those which remain 
positive 

The author gratefully acknowledges the valuable suggestions of Dr E A 
Kabat, Mr A Hams, and Dr H Eagle 
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From the Department oj Animal and Plant Pathology of The Rod efcller Institute for 
Medical Research, Princeton, New J ersey 

The title for theae lectures was submitted about two months ago before I had 
a very clear idea of how my subject matter was gomg to develop As it has 
turned out it is quite a bit too broad and collective m its scope and implies a 
general acceptance of some of the thmgs that I am gomg to present For this 
reason, before startmg it might be well for you to make a mental note as follows 
“The general group of investigatora of and philosophyzors on the subject of 
influenza do not necessarily endorse or agree with any or all of the views ex- 
pressed herem ” The facts that I shall present, however, I beheve are largely 
established and agreed upon 

“Pandemic,” accordmg to Stedman’s Medical Dictionary, is apphed m notmg 
a disease aSectmg or attacking all or a large portion of the population of a 
region, a disease extensively epidenuc Nothmg m the defimtion implies degree 
of seventy However, m these lectures I mtend using the term as it is most 
widely apphed m current mfluenza parlance to mdicate seventy as well as extent 
of distribution By “pandemic mfluenza” is meant a severe disease of the type 
that occurred dunng 1889-90 and durmg the autumn of 1918 By “mter- 
pandemic mfluenza” is meant the milder type of influenza occurrmg between 
the pandemics at roughly two year mtervals or oftener 

Smee mfluenza is an old disease it would be unrealistic to assume that all 
knowledge concermng it has been denved m modem tunes Some of the o'der 
observations have their applications and usefulness even today, especially as 
they concern the epidenuology of the disease 
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We are prone to consider the speed of spread of mfluenza as a modem attnoute 
and to explam it on the basis of modem rapid means of transponasca o-ch as 
railroad trams, airplanes, etc Strangely enough, though, the h. d a 

reputation for rapid and widespread diffusibihty even several jeamrl-s ago 
before any of the modem means of conveyance were m use. ^ a-cer which 
dealt nxtensively with the epidemiologic views of the tunia aai vilm antedated 
any of the modem means of transportation was one by /fnn_< 3 a (1^ 
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dealing specifically with the pandemic of 1789 Even in those ancient tunes, 
according to Johnson’s account, influenza seems to have spread like wildfire 

Now Johnson m his definition of influenza charactenzed it among other things 
as “a disease capable of bemg propagated by contagion ” In spite of this con- 
ception he could not completely rationalize the speed of its dissemination on the 
basis of transmission by contact alone On this pomt he wrote as follows 
The present received opmion is that this species of Catairh (Influenza) arises 
from contagion, which possibly may be true yet to my mmd it appears no easy 
matter to conceive how the disease can spread so far and ivide in so short a 
space of tune as we perceive it does, or how it can affect persons many miles 
apart, at the same time, where there had been no previous direct or mdiiect 
mtercourse — if propagated only by a matter arismg from the body of a man 
labouring under it ” 

Johnson disagreed violently with earher writmgs, which he attnbuted to 
Cullen, in which appeared the statement that influenza “has seldom appeared 
m one country of Europe without appearing successively m eveiy other part of 
it, and, m some mstances has been even transfer red to America, and has been 
spread over that contment as far as we have had opportunities of bemg m- 
formed ” He objected particularly strenuously to Cullen’s use of the words 
“successively” and “transferred,” maintammg that the evidence mdicated only 
that mfluenza appeared later m some parts of Euiope and m America than it 
had m other parts of Europe The speed of its spread nullified any imphcation 
that it had been “transferred ” He contended that the fact that the disease 
was known to have been appeanng simultaneously m Europe, Afnca, the Isle 
of Bourbon and m ships at sea was suflficient evidence that its successive appear- 
ance m various other places did not have to be explained necessarily on the basis 
of contagion. 

Johnson rationalized his views concernmg the multiplicity of foci of origm of 
influenza durmg a pandemic by contendmg that, “The morbific matter excitmg 
the disease must have ongmated at some time, and somewheie, and a cause like 
to that which gave rise to it m any one country, at any one pomt of time, might 
produce it m another country at the same time, under similar circumstances ” 

He summarized his conception of the epidemiology of mfluenza m the foUow- 
mg statement “Did the Influenza depend upon a specific contagion it must 
always exist, or we cannot possibly ascribe it to such a cause The small pox, 
the venereal disease, etc , never mtermit but the Influenza has become extmct, 
and agam broke forth upon the world after a period of more than 4 score years ’ 
(1591-1675) 

He contmued “I do not assert, nor do I wish to be imderstood to mean, that 
the Influenza is not at all contagious on the contrary I am possessed of facts 
which prove in the most incontestable manner, that it may be, and often is 
propagated from one person to another by means of contagion But I mean, 
and the arguments which I have adduced, I trust, will warrant the conclusion, 
that the disease often does arise from some viscious quahty of the air, or exhala- 
tion in it, as well as from a matter arismg from the body of a man labouring 

under disease.” 
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It IS apparent from these statements that Johnson conceived mfluenza to be 
a disease that was mitiated by meteorological or atmospheric mfluences but that, 
once started, was capable of propagation from sick to well by contact He had 
the same difficulties, however, as our present-day epidemiologists m explammg 
the ongm of his first cases, though he was not, as we are, handicapped by havmg 
to make his views fit the knowledge that the disease has a specific microbial 
cause 

Johnson was still thmkmg very much m the terms of Hippocrates, Boerhaave, 
and Sydenham, and drew heavily upon their older views m formulatmg his 
concept of the epidemiology of influenza He recognized four causes as con- 
tributing to the disease and at least three of these had to be operative at the 
mception of an epidemic He referred to these four causes m the nomenclature 
of the times as the remote, the predisposmg, the excitmg, and the proximate 
The remote cause was thought to be “some viscious quahty of the air” and bore 
a relationship to the seasons and meteorological conditions The predisposmg 
cause was deflned as “that which renders the body liable or capable of bemg 
affected by disease when the cxcitmg cause is apphed ” The excitmg cause was 
considered to be “that external circumstance which lundles the fevei, to wit, 
the morbid miasma, or contagion ” The proximate cause, m reality probably 
an effect, was the mflainmatory reaction m the respiratory tract responsible for 
the signs and symptoms of illness exhibited by the sick mdividual The comci- 
dental inter-relationship of these various causes was held accountable foi the 
mitiation of an mfluenza outbreak According to Johnson's conception of the 
epidemiology of the disease, when they were operative at one geographical loca- 
tion on the earth they were likely to be operative simultaneously, or ^ almost 
simultaneously, at many other locations 

Watson (2), writmg concenung the 1847 pandemic wluch was also pre-modem, 
said “Wliat I wish to pomt out now is the fact that the Influenza pervades largo 
tracts of country m a manner much too sudden and simultaneous to be con- 
sistent ivith the notion that its prevalence depends exclusively upon any conta- 
gious properties that it may possess ” 

I have gone into some detail in outluung the views, opinions, and observ'ations 
written ooncemmg a pre modem pandemic of influenza for two reasons In the 
first place I wanted to point out that mfluenza spread with unbchevable rapidity 
even before we had modern means of rapid transportation to blame for its 
speedy and wxdespread diffusion Secondly I wanted to mdicate the ratlicr 
mgenious devices by which this unbehevably rapid dissemination of a drseaso 
was rationalized by thoughtful medical people m those olden tmics To me it 
seems that we may bo missmg somethmg of significance m the epidemiology of 
mfluenza by placing our entire confidence m the conception that every case of 
influenza, especially at the outset of a pandemic, must of necessity spring from 
some prccedmg case of the disease I shall have more to say of this later 

THt lMLnE.XZA PAMltVlIC OP 1889-90 

The first pandemic of mfluenza m tlic bacteriological and statistical era was 
that of 1889-90 flbere seems to be general agreement that this pandemic bore 
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most of the eaimarks of ijhe greater one that followed it in 1918 except for its 
lower fatahty Vaughn (3) who studied the 1918 pandemic and thoroughly 
reviewed the literature deahng with that of 1889 wrote m his monograph on 
influenza that, “The longer one studies the observations made m 1889-93 the 
more flrmly convmced one becomes that the recent pandeinic (1918) was identi- 
cal with the foimer m piactically all of its manifestations ” 

The mam finding of value derived from studies of the mfluenza pandemic of 
1889-90 was the discoveiy of the so-called influenza bacillus by Pfeiffer Pfeiffer 
had seen the bacilh m the sputum durmg the sprmg of 1890 but his actual work 
on mfluenza did not begm until November 1891 In the begmnmg Pfeiffer was 
imable to subculture the bacilh though they produced an abundance of smal] 
colonies on agar plates directly smeared with sputum Later he announced 
that he had overcome the difficulty of subculture by addmg blood to his culture 
medium (4) In 1893 he published a full account of his work on mfluenza givmg 
complete details of methods for isolatmg and mamtammg the baciUus in pure 
culture (5) With the publication of Pfeiffer’s work his findmgs received wide- 
spread confirmation durmg the short remaining period that mfluenza was widely 
prevalent 

Pfeiffer believed that the bacillus he had discovered was the cause of mfluenza 
because, accordmg to his observations, it was present m all cases of the disease 
studied, it was not present m normal mdividuals unless they had recently recov- - 
ered from mfluenza, and it was m mtimate association with the lesions of the 
disease Pfeiffer’s views weie widely accepted and it is safe to say that a 
majority of the students of mfluenza at the time beheved the cause of mfluenza 
had been discovered 

With more thorough studies of the mcidence of Pfeiffer’s bacillus after the 
pandemic had passed, however, doubts arose m the mmds of some mvestigators 
as to the true lelationship of the organism to mfluenza It was found, for 
mstance, to be present in the respiratory tracts of certam apparently normal 
individuals and it was also encoimtered not infrequently m other infectious 
diseases, especially whoopmg cough, measles, and tuberculosis Furthermore 
the bacterium was sometimes not present m cases that looked climcally like 
mfluenza Fmdmgs such as these, though they tended to weaken the case for 
Pfeiffer’s bacillus, did not constitute insurmountable objections because healthy 
carriers were not unknown in other diseases and there was no certamty that 
what appeared clmically to be mfluenza between pandemics was actually the 
same disease that Pfeiffer had studied Despite the doubts that were raised, 
in the years followmg Pfeiffer’s work, the bacillus he had discovered was qmte 
generally regarded as the probable cause of mfluenza. 

THE INFLUENZA PANDEMIC OP 1918 

The 1918 pandemic of influenza was without doubt the most catastrophic 
outbreak of infectious disease of modern tunes. It killed about 21,000,000 
people and probably 25 tunes that many sickened of it The exact date and site 
of its onset are subjects about which there seems to be no conclusive information 
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Fnor to 1918 there had beea small outbreaks of what appeared chmcally to be 
influenza with epidemic tendencies m vanous parts of the world In all of these 
the question is open as to whether they were in fact mfluenza So far as can be 
told from the hterature, there was no one pomt m the years unmediately pre- 
cedmg 1918 where it might be said that influenza, wluch had previously been 
nonexistent, started at a focus and spread throughout the world (3) 

A mild outbreak m the sprmg of 1918, which has become generally known as 
the first wave, is beheved by most epidemiologists to have been the immediate 
forerunner of the great autumnal outbreak wluch swept over the entue world 
with such deadly effect The first wave received especial prommence m Spam 
where it was said to have been sudden m its appearance, brief m its course, and 
to have subsided without leaving a trace In Apnl, at about the same tune 
that the Spanish epidemic was occurring, Amencan, Bntish, and French troops 
in France as well as the civilian population were suffenng from extensive out- 
breaks of the same disease The disease is stated to have spread rapidly mto 
Germany and the rest of Europe It is not knoivn whether the first wave of 
European mfluenza was autochthonous or, if not, from where it was mtroduced 
In England, the first wave appeared m June and was composed for the most 
part of mild cases (6) In the Umted States, sporadic outbreaks of what chn- 
ically appeared to be influenza had been occurrmg m vanous army camps dunng 
the winter of 1917-18 However, m March of 1918 the disease is stated to have 
passed from the sporadic to the epidemic stage and many of the camps reported 
mcreases at this tune (7) The disease was of course prevalent among the 
civilian population dunng the sprmg of 1918 but the mcidence was lower In 
Japan and Chma also a mild mfluenza epidemic prevailed m the sprmg of 1918 
(8) The first wave thus seems to have started simultaneously, or almost so, 
m three widely separated regions of the earth, namely, Europe, the Uu'ted 
States, and the Onent No one has been very successful m tracing it from one 
area to the other and the best thought seems to be that at least three separate 
foci of ongm were mvolved 

The sprmg wave of influenza does not seem to have been higlily diffusible 
because it reached only limited regions of Africa and supposedly largely missed 
South America Even Canada was but slightly affected It was almost every- 
where very mild and although the morbidity was often high, sometimes amount- 
mg to 50 per cent or more of the mvaded population, the case fatahty was 
exceedingly low (6) 

The second wave, which proved to be extremely lethal, struck sunultaneously 
in many parts of the world It is generally stated to have appeared m Europe 
dunng the last week m August and m the Umted States at about the same tune 
Between the first and middle of September scores and hundreds of foci appeared 
in V anous army camps, nav al stations, and civilum communities m thus country 
By the first week in October the pandemic was full blown throughout the entire 
world with the exception of a few islands and Austraha The height of the 
pandemic so far as this country is concerned was tho fortmght between October 
I2th and 2Sth 
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In the second wave, though there were many mstances of the same mild type 
as m the first, a diffeient manifestation of disease became promment This took 
two forms a) cases which started immediately with an acute pulmonary inflam- 
mation resulting m lung edema, violet cyanosis and death withm a few days, 
and b) cases which developed on the 4th or 5th day of an ordmary influenza 
a defimte bronchopneumonia, runmng the usual course of the primary broncho- 
pneumoma of pre-pandemic times and bemg followed accordmgly, either by 
death or by a long convalescence (9) 

Most epidemiologists aie of the opmion that the 1918 autumn pandemic arose 
at one or two sites and from these spread throughout the world m a little over 
a month’s tune It is qmte commonly accepted, and there is evidence to support 
the opinion, that the pandemic so far as this country is concerned started m or 
near Boston (3, 6) The cases responsible for the Boston infection supposedly 
came from Euiope where the pandemic got under way very little if any earher 
than it did m the Boston area The spread from Boston to other paits of the 
Umted States is explamed as resultmg from transfer of the infection by cases 
movmg about among the civflian population or by cases among military per- 
sonnel bemg transferred from one camp to another The speed of spread is 
explamed on the basis of the speed of available transportation for these m- 
fected cases 

While, if one chose to beheve that mfluenza spread fiom sick to well at the 
very first available opportunity, it was possible to visuahze the pandemic pro- 
gressing as rapidly over the country as it apparently did, the speed with which 
it was dissemin ated actually seemed almost too rapid to be true For instance, 
among the army camps the disease became well established m 9 durmg the 
very first week of the pandenuc These camps were m states as variously 
located geographically as Massachusetts, New York, Virgmia, South Carohna, 
and Georgia The second week of the pandenuc saw 13 more camps mvolved 
m states geographically as widely separated as Texas, Kansas, Louisiana, Illmois, 
Maryland, and Washington (6) It is quite true, of course, that so far as speed 
of transportation is concerned it is perfectly possible that any of- these localities 
could have been visited several tunes by mdividuals from mfected regions during 
even the fiirst few days of the pandenuc On the "grounds of opportunity for 
transmission by contact therefore the possibility cannot be demed that the 
spread of the disease, rapid though it was, is entiiely explamable on the basis of 
case to case transfer However, if one chooses to accept this explanation certam 
discrepancies enter to spoil the perfection of the explanation These have to 
do largely with certam flukes m distribution, certam skips of large bodies of 
population, etc I shall mention only a few of these to mdicate to you what 
I mean 

Takmg the week of highest moitahty as a cnterion of the tune of occurrence 
of true pandemic mfluenza in a community we find places as widely sepaiated 
as Boston and Bombay havmg them peaks m the same week while New York 
only a few hours by tram from Boston did not have its epidenuc peak until 
3 weeks later (6) It can hardly be reasoned that no one traveled from Boston 
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to New York for 3 weeks during September of 1918 Omaha, Memphis, Balti- 
more, Montreal, and many other places less rapidly accessible to Boston than 
New York had epidemic peaks a w'eek or more earlier than New York In like 
manner, Seattle, Los Angeles, and San Francisco had their epidemic peaks a 
week or two earhcr than Pittsburgh which is just an overnight run from the 
infected eastern seaboard cities 

Another of the observed features of the autumn wave that is not easy to 
rationalize on the basis entirely of contact infection is the difficulty of explammg 
its relatively slow diffusion over comparatively short distances as compared with 
its unbelievably rapid spread over geographically wider aieas In many respects 
the epidemiologist had an easier time gettmg the pandemic disease tiansf erred 
from Boston to Chicago, for instance, than he did gettmg it the remaming 38 
miles from Chicago to Joliet If pandemic influenza spreads from sick to well 
by contact at the first opportumty as it is assumed to do m evplainmg the 
rapidity of its spread over long distances, then it should diffuse with reasonable 
rapidity over shorter distances Yet it docs not apparently do this In Con- 
necticut, for instance, the disease took 3 weeks m getting from New London 
County m the southeast comer of the state to Faii-field County less than 100 
miles away m the southwest comer (6) Tlien again, m the vicimty of Chicago 
the northern suburbs of the city were attacked almost a month earlier than the 
communities of Harvey just 20 miles south and Johet 38 miles southwest of the 
city (6) When one considers the large amount of daily travel mto and out of 
Chicago from these neighbonng towns it is quite obvious that the mere oppor- 
tumty for infection by means of cases earned on available transportation facili- 
ties furnishes an madequato explanation for the rapidity of spread of influenza 

In spite of apparent discrepancies of the type just called attention to, the 
opmion that direct and mdirect transmission from man to man can account for 
the observed epidemiological picture of pandemic influenza is generally accepted 
Penodically, careful observers have doubted the correctness of this hypothesis 
but have never been able to demonstrate clearly another to take its place 
W T Vaughn (3) m his monograph on influenza rather well summarized present- 
day views concemmg the spread of pandemic mfluenza by man to man contact 
when he wrote, “Today we assume the correctness of the hypothesis, and pass 
on to consideration of other subjects of more recent development ” 

At any rate, no matter what the correct explanation for the wide dissenimation 
of the 1918 autumn pandemic of mfluenza was, there is no doubt that the dis- 
ease became very extensively distributed m short order This second wave 
differed from tlie first m certam epidemiological features m that it was more 
severe, more wadcsprcad, of greater dispersive power, and m some places at least 
of a different ago mcidence 

There seems to have been the greatest reluctance m dcsignatmg the second 
wave, m the begmnmg, as mfluenza and various circumlocutions were resorted 
to It was referred to variously as epidemic bronchopneumonia, epidemic 
respiratory mfcction, unidentified pandemic disease, and a number of wTitcra 
expressed their sense of difference by placmg the name mfluenza m quotation 
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marks (6) Many clmical observers fiankly declared that the autumn 1918 
disease was new to them These statements were the more impressive because 
they were made less than 3 years after the occurrence m 1915-16 of what at the 
time had been designated as an “extensive outbreak” of “mfluenza ” They 
serve to emphasize the differences, both clmical and pathological, existmg be- 
tween pandemic and mterpandemic influenza > 

Thanks largely to the careful house to house surveys conducted by Trost 
(10), Frost and Sydenstricker (11), Vaughn (3), Wmslow and Rogeis (12), and 
others, the data accumulated by the Army and Navy, and the accurate statis- 
tical tieatment of the material, we have, a very clear and probably true picture 
regarding the moibidity and mortality of the autumn pandemic as it occurred 
m this country Accordmg to the various surveys, the attack late averaged 
between 20 and 30 per cent though theie was considerable variation For 
mstance, Fiost’s figuies show a variable mcidence rangmg from 15 pei cent for 
Louisville, Kentucky, to 53 per cent for San Antonio, Texas The moitahty 
rates for different communities were also quite variable Thus Frost’s data on 
case fatalities ranged from 3 1 per cent for New London to 0 8 per cent for 
San Antonio Vaughn’s suiwey m Boston gave a case fatality of 2 47 per cent 
In some of the large anny camps the case fatalities were very high (over 7 per 
cent foi Camps Sheiman and Cody) The average case fatality for the country 
as a whole probably approached 2 per cent 
The highest attack rates occurred m the ages below 15 years and thereafter 
a dechne m mcidence took place The case fatality was high m infants, low m 
children, and rose agam m young adults In the aged it was high The ex- 
tremely high rate m the age group 20-40 resulted m a moitahty curve for the 
autunm pandemic that was strikmgly different from similai curves for mter- 
pandenuc outbreaks of mfluenza 

- With all of the observed clmical and epidemiological evidence pomtmg to the 
likelihood that the 1918 pandemic mfluenza was highly contagious and spread 
fiom sick to well easily and apparently at the very first available opportumty 
one would 'anticipate that proof of its contagiousness by tiansmission tests in ' 
human volunteers would be extremely easy However, such did not prove to 
be the case and m not a smgle controlled experiment was it possible to demon- 
strate the transmissibility of the disease The most carefully planned and con- 
ducted expeiiments were those earned out by the XJ S Navy and the U S 
Pubhc Health Service In the senes of experiments conducted m Boston (13) 
durmg Novembei and December of 1918, 62 volunteers between 15 and 34 years 
of age weie used, 39 of these had no history of havmg had mfluenza at any time 
although apparently some degree of exposure had occuiied Filtered and un- 
filtered secretions fiom the upper respiratory tracts of pp-tients with typical 
mfluenza were sprayed mto the noses and throats and instilled mto the eyes of 
some of the volunteers, direct swabbmg from nasopharynx to nasopharynx was 
resorted to m the cases of others, and m one experiment fieshly drawn citrated 
blood was mjected subcutaneously The results were summaiized as folloivs. 
“In only one mstance was any reaction observed m which a diagnosis of mfluenza 
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could not be excluded, and here a mildly mflamcd throat seemed the more 
probable cause of the fever and other symptoms Nothmg like influenza devel- 
oped m the other volunteers ” In an attempt to imitate nature more closely, 
10 volunteers were exposed to cases of acute mfluonza in hospital wards Each 
volunteer was placed very near the patient, shook hands with him, chatted ivith 
him for 5 mmutes, after which he received the patient’s breath full in ha face 
5 tunes while he inhaled, and finally the patient coughed 6 tunes directly mto 
the subject’s face Each volunteer did this xvith each of 10 different patients, 
all of them acutely ill for not more than 3 days All cases of influenza used 
were typically ill acute cases selected from a distmct focus or outbreak of disease 
None of the volunteers developed the disease 

A second senes of human experiments was carried out m San Francisco (14) 
with 50 volunteers dunng the same period, and similar negative results were 
obtained 

These two groups of experiments were considered to show that the require- 
ments for the transmission of influenza from man to man, such as apparently 
exist commonly under natural conditions, are not readily imitated experimen- 
tally The failures were thought to be due either to the choice of immune 
volunteers, the choice of the ivrong penod for transmission, the choice of the 
wrong chief seat of the causative agent, or the choice of the wrong avenue of 
entrance to the body of the victun The experiments have done httle or nothing 
to alter the view that the 1918 pandemic mfluenza was a highly contagious 
entity and was probably m the vast majority of cases transmitted directly from 
ease to case — no other opmion explamed the observed features of influenza 
epidemiology as well 

LMHUNITi DOraNO THE 1918 PANDEXHC 

The problem of immumty m influenza received a great deal of consideration 
durmg the 1918 pandemic and a number of clmical observations on the subject 
were made The succeeding waves that followed one another between the 
spnngs of 1918 and 1920 furnished admirable opportunities for studymg the 
problem under natural conditions too, providmg of course that each wave had 
a similar basic etiology 

Because the presence or absence of an immunological relationship between the 
first and second naves of the 1918 influenza has an important bearmg upon a 
phase of the subject that I want to discuss later on I should like to cite several 
examples dealing witli this pomt 

The Annual Report of the Surgeon General of the Navy for the year 1910 says 
m part that, “ many men of the Navy who had influenza m the sprmg or 
summer of 1918, while in European waters, escaped dunng the later epidemics 
(wmter 1918-19) both m Europe and the United States Ihe Bnta,h Grand 
Fleet expencnced the same thmg witli few exceptions those men who contracted 
mfluenza m May and Juno were not attacked dunng the more fatal epidemics 
m October, November, and December The conclusion is that mild attacliS 
earlier in the jear, as a nile, conferred unmumty against the more fatal tjpe of 
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the disease which pievailed subsequently ” With legard to the experience m 
the British Navy , Dudley (15) has pointed out that the crews of only certain 
ships weie affected by the first wave, the crews of others escaping the infection 
Durmg the second wave the attack late on the ships that had had the earher 
infection was, about 25 per cent while on those ships that escaped the first wave 
the attack rate was about 50 per cent 

In most army groups the outfits were moved about too much and transferred 
too frequently to fumish reliable records as to an immunological relationship 
between the two influenza waves m 1918 Theie are, however, large numbers 
of isolated lecoids mvolvmg relatively small numbers of mdividuals For m- 
stance, Gibbon (16) writes that of 400 cases of mfluenza hospitalized from among 
the 2000 troops under his care no cases admitted in June, July, or August were 
readmitted in October, Novembei, or Decembei, and no cases admitted m either 
of those peiiods weie readmitted m February of 1919 Dopter (17) reports 
recurrent epidemics m a French army division of which he was suigeon m 1918 
During the sprmg wave towards the end of April only the infantry regiment of 
the division was attacked, the artillery regiment escapmg mfection In the fall 
a group of heavy artillerj’’ was attached to the division brmging mfluenza with 
it The disease spread but only those nho had come through the. first wave 
unattacked were very seriously ill m the second V C Vaughn (7) cites the 
experiences of the 2nd Infantry Regiment, U S Army, which underwent mflu- 
enza m June of 1918 m Hawaii before being transferred to Camp Dodge about 
August 1st When the severe second wave hit Camp Dodge m September- 
Octobei the 2nd Regiment was only shglitly affected though the attack rate for 
the camp as a whole was about 33 per cent and the case fatality 6 8 per cent 
Probably the most impressive example of unmumty among troops is that related 
by Vaughn (18) for a division stationed at Camp Shelby The division num- 
bered about 26,000 and m April 1918 underwent a mild mfluenza causmg about 
2,000 cases Vaughn comments as follows on the subsequent history of the 
division “This was the only division that remained m this countiy without 
change of station from April until the fall of 1918 Durmg the summer this 
camp received 20,000 lecrmts In October, 1918, the virulent form of mfluenza 
struck this camp It confined itself almost exclusively to the recruits of the 
summer and scarcely touched the men who had lived through the epidemic of 
April Not only the 2,000 who had had the disease m April, but the 24,000 who 
apparently were not affected escaped the fall epidemic It appears from this 
that the mild mfluenza of April gave a marked degiee of immunity agamst the 
virulent form m October ” 

Certam information deriving from civilian populations also mdicates an nn- 
munological relationship between the first and second waves of mfluenza Thus 
Malone and McKendnck (19) observed m Calcutta that three mstitution popu- 
lations who underwent mfection durmg the July wave passed through two later 
waves in Decembei 1918 and Februaiy 1919 without contractmg the disease a 
second time They beheved that their evidence mdicated an mimumty lastmg for 
at least 9 months The Inspector General of Health m Spam (2) reported that 
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those cities which had the disease m May 1918 suffered hghtly in the autumn of 
that year, while others of the large cities which had been spared in the first 
invasion suffered most m the second V G Vaughn (18) has pomted out that 
among the large cities m the Umted States havmg a low death rate dunng the 
autumn wave of mlluenza were a number that had reported an unusually high 
mcidence of mfluenza and pneumoma m the sprmg Jordan (6) has called 
attention to the fact that the attack rates m English towns dunng the autumn 
wave were only about half those prevailmg m towns m the United States and 
comments on the temptation to account for the differences on the basis of the 
more sharply defined and extensive first wave winch prevailed m England havmg 
conferred a more extensive immunity W T Vaughn (3) in studies derivmg 
from his house to house canvasses m Boston found only 4 instances of more than 
one attack of mfluenza among 1,971 cases occurrmg m Ins senes between March 
of 1918 and August of 1919 

It IS quite apparent, I beheve, from the examples I have cited that the mild 
first wave of the 1918 mfluenza conferred considerahle and definite protection 
against the severe second wave There are some examples that might be de- 
nved from the literature which fail to show a clear-cut immunological relation- 
ship between the two waves My reason for callmg detailed attention to the 
examples mdicating a relationship and neglectmg those that do not is that, m 
a case where one is seekmg to show a positive relationship between two condi- 
tions of unknown etiology, a positive correlation is, because of diagnostic uncer- 
tainties, of much more value m mdicatmg the true relationship than is a negative 
one 

The question of whether either the first or the second wave of 1918 influenza 
conferred any lastmg immunity against that which recurred m 1920 can be 
answered quite confidently m the negative The figures derived fiom personal 
canvasses made by Frost (20), Vaughn (3), and Jordan and Sharp (21) agree m 
showmg that the attack rates dunng the 1920 outbreak were not sigmficantly 
different among those with a history of mfluenza m 1918 than they were among 
those givmg no history of influenza m 1918 

It may be said m summarj' then that evidence from the 1918 pandemic indi- 
cates that an attack of mfluenza probably imparts some measure of protection 
over a penod of a few months but that, assuming the 1920 outbreak to have 
been etiologically sunilar to the 1918 mfluenza, after a year or more the presence 
of immumty in a sizable, previously affected population is difficult or impossible 
to demonstrate 

STUDIES OP TUB ETIOLOGY OP THE 1918 PANDEMIC 

From the time of Pfeiffer’s announcement of its discovery m 1892 to 1918 
Hemophtlus nijlvcnzae was quite generally regarded as the agent responsible for 
epidemic mfluenza Because of this general belief, much of the huge volume 
of work done dunng the 1918 pandemic was concerned with a further study of 
the relationship of this bactonum to the disease The results obtained wero 
frequently confusmg and contradictory, which is not surprising when one con- 
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aiders the fastidious character of the organism and the techmcal diflSIculties 
associated with its isolation fi om the'respiratory tract The bewildeiing vanety 
of bacteria always present on the mucous surfaces and m the tissues of mfluenza 
patients constituted a serious difficulty to the isolation of the none-too-robust 
Pfeiffer bacillus if it did not happen to be one of the predommant forms present. 
As a number of mvestigators pomted out too,' the Pfeiffer bacillus was sometimes 
present m one portion of the respiratory tract but absent m others Jordan (6) 
called attention to the fact that the organism might be rare oi absent at one 
stage of the illness and very common at another The methods used, the fre- 
quency and mtensiveness with which observations were earned out, and the 
bactenologicaJ experience and skill of the mvestigator were often determining 
factors in decidmg the percentage of positive demonstrations of the bactenum 
in any given outbreak under study 

To me, one of the most suggestive and mterestmg observations deriving from 
the bactenological studies of the 1918 mfluenza was the marked difference be- 
tween the mcidence of Pfeiffer’s bacillus found m the first and second waves 
by mdividual mvestigators where the matter was studied The findings of 
almost all were m agreement that the Pfeiffer bacillus was either absent or of 
low mcidence m cases of the first wave and abundantly present m cases during 
the second wave Thus Sobernheim and Novakovic (22) found Pfeiffer’s bacillus 
to be practically absent from the early cases whereas in the second wave it was 
found m pure culture m a large majority of the cases mvestigated (18 out of 23) 
Pildes, Baker, and Thompson (23) who failed to find mfluenza bacilli m cases 
durmg July and August found them durmg the autumn wave m the sputum of 
12 of 15 uncompheated cases and m practically all their post-mortem matenal 
McIntosh (24) who failed similarly m the summer found Pfeiffer’s bacillus m the 
autumn in 8 of 12 exarmnations of the nasopharynx m uncomplicated cases, and 
in the sputum of 21 of 25 'cases with bronchopneumoma Michaehs (25) who 
failed to find H influenzae m the first week of the summer wave found it ivith 
mcreasmg frequency later Fraenkel (26) failed to find the mfluenza bacillus 
m the summer epidemic but m the autumn found it m 8 of 11 autopsies Hicks 
and Gray (27) did not find the organism m the summer epidemic although m 
the autumn wave, using exactly the same methods, they found it readily and 
frequently McMeekm (28), m Austraha, found the Pfeiffer bacillus entirely 
absent m the first wave there but abundantly present in the second 

The experience of Opie, Blake, Small, and Riveis (29) m this country was 
similar, in a way, to’ the mstances just cited They found that the incidence of 
Pfeiffer’s bacillus m normal mdividuals from isolated commumties, oi m groups 
free from respiratory disease prioi to the occunence of the 1918 autumnal 
epidemic, was relatively low (10-20%) but that before the fall epidemic, m 
groups m which bronchitis and pneumonia were faiily prevalent, tlie mcidence 
was higher (25-50%) Durmg the epidemic the mcidence rose to 95 pei cent 

I beheve it can be safely said that, so fai as the bacteiiology of the first wave 
of the 1918 mfluenza epidemic can be used as a criterion, Pfeiffei’s bacillus was 
not demonstrated with enough fiequency to support its claim as the causative 
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Eg6iit Its preseDco probably about coincided with its distribution in healthy 
persons at the time that the first wave appeared Its mcidence durmg the 
severe second wave, however, seems to have been quite another story In 
addition to the observations I have just cited mdicatmg the widespread presence 
of H influenzae m the autumn wave, might be mentioned the work of dozens of 
other mvestigators who also found the organism m all, or almost all, of the cases 
of the second wave that they studied Reports by well-lvnown bacteriologists 
of the isolation of the mfluenza bacillus from 70 to 90 per cent of the sputa 
they exammed or from 90 to 100 per cent of their post-mortem material were 
extremely common This was especially true durmg the early part of the au- 
tumn wave Later on, and particularly m certam sections of this country, the 
mcidence of Pfeiffer’s bacillus found m undoubted cases of pandemic mfluenza 
was lower and less impressive How much this discrepancy in the findmgs was 
due to the actual absence of the organism and how much could be accounted 
for on the basis of madequate technique or a not mtensive enough search cannot 
be known In view of the techmcal difficulties mvolved, it would seem that 
positive findings with regard to the mcidence of the Pfeiffer bacillus would 
outweigh, m critical importance, those of a negative character 
^Jordan (6) summanzcd the bactenological findmgs for the 1918 pandemic 
very concisely as follows “The upshot of a prodigious amount of work m many 
countnes on the occurrence of the Pfeiffer bacillus m mfluenza cases seems to be 
that tins organism is generally, but not invariably, present in the respiratory 
tract at some stage of the disease that it is usually — perhaps always — abundant 
m the human respiratory tract at times when mfluenza is epidemic, and that m 
fatal cases it is found frequently m lesions m the lungs and elsewhere ’’ No 
other bacterium was found with such constancy throughout the pandemic and, 
though others might sometimes predonunate, the Pfeiffer bacillus was almost 
always there While some mvestigators were convinced by the 1918 bacterio- 
logical studies that Pfeiffer had been confirmed and that II influenzae actually 
was the cause of pandemic influenza, most people, I behove, felt that some other 
explanation should be sought . 


A VIBUS IN 1918 

Students of mfluenza who were not convmced of the etiological importance 
of the Pfeiffer bacillus or any other visible bactenum attempted to demonstrate 
durmg tlie 1918 pandemic that a filtrable virus was causally important The 
experiments were largely conducted with human volunteers and for the most 
part were negative Only Seller (30) and Lesclike (31), m a very small senes 
of poorly controlled ex-penments, claim to have produced influenza ivith bao- 
tenologically sterile filtrates of upper respiratory tract secretions from cases of 
influenza If the disease supposedly produced m the vmluntccrs was mdecd 
influenza, the findmgs are probably of little significance because no attempt at 
segregation or isolation of the mdividuals was made and the experiments were 
earned out m September during the mitial rapid dissemination of the pandemic 
Purthennoro it is not at all certam from the descriptions given that tho 
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supposedly developing as the result of inoculation with the filteied material was 
indeed influenza 

A quite large senes of human volunteeis were moculated with filtered mfiu- 
enzal secretions by various investigators under more carefully controlled condi- 
tions and among these no eases of mfluenza developed (13, 14, 32, 33) However, 
smce m these experiments volunteers moculated with unfiltered secretions also 
failed to sicken, the filtration experiments are of httle or no actual significance 

From consideration of the published information on the subject it can be 
concluded that no certam evidence was adduced durmg the work of the 1918 
pandemic to indicate that a filtrable viius was the causative agent While the 
view was rather widely held and frequently expressed that a virus probably 
was the etiological basis for the disease, it actually constituted no more than an 
ungrounded and gratuitous opmion 

The contributions to our knowledge of pandemic influenza gained from study 
of the 1918 outbreak may be briefly summarized as follows 

1 Epidemiological data mdicated that the disease was spiead by human 
agency and transmitted from case to case by contact Attempts to piove this 
method of dissemination m human volunteeis, however, failed 

2 A mild first wave of influenza m the sprmg of 1918 preceded the severe 
second wave of the autumn The first wave resembled clmically and epidemio- 
logically the so-called epidemic or mterpandemic influenza which we now know 
to be caused by a filtrable virus The second wave differed m that it was more 
severe, more widespread, of greater dispersive power, and, m some places at 
least, of a different age mcidence than the first wave 

3 The mild first wave seemed to confer some immumty against the severe 
second wave, mdicatmg an etiological relationship between the two The 
immumty was of short duiation 

4 The morbidity and mortahty of pandemic mfluenza weie determmed accu- 

rately and treated statistically A pecuhar age distnbution m case mcidence 
and fatahties was shown > 

5 Extensive bactenological studies failed to establish Pfeiffer’s bacillus as 
the causative agent or to disprove definitely the etiological claims Differences 
m the mcidence of the organism durmg the first and second waves were noted 

6. No evidence mcnmmatmg a filtrable vims as the causative agent was 
established 

From the standpomt of the thesis that I wish to try to develop later on, the 
significant observations made during the 1918 pandemic are, first, the possible 
siimlanties between the first wave and current vims type mfluenza, second, the 
immunological relationship between the first and second waves, thud, the high 
mcidence of H influenzae m the second wave, as contrasted with itslow mcidence 
m the first wave; and fourth, certam discrepancies m the assumption that pan- 
demic mfluenza mvariably dissemmates by case to case contact 

SIVINE INFLUENZA 

The statement that no animal except man acquires mfluenza under natural 
conditions is encountered frequently m the older medical literature From time 
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to tune attentioa has been called to equine influenza as resembling human 
influenza m certam of its chmcal, pathological, and epidemiological features, but 
none of the relatively large amount of work done on the disease has mdicated 
more than a superficial similarity, and certamly there has been nothmg to mdi- 
cate a causal relationship between horse and human influenza (34) 

It IS probable that "new” viruses do not occur these days they me merely 
new to us as mvestigators of the diseases m which they are found New infec- 
tious diseases, however, do seemmgly, even m our tunes, sprmg up Such a 
disease occurred among hogs m the Middle West durmg the late summer or 
early autumn of 1918 The exact date and locahty of its first appearance 
remain unknoivn However, careful observers state that it was prevalent durmg 
late August m Ilhnois By October it was widespread among sivme herds m 
Iowa and other parts of the Middle West 
This new disease was not a sporadic and localized outbreak, actually milhons 
of swme became ill and thousands died dunng the first few months of its preva- 
lence The epizootic persisted m various locahties until January of 1919 and 
reappeared m the autumn and winter of that year almost as extensive and 
severe as m 1918 It has recurred each year smce then but vanes annually m 
its seventy and extent 


Accordmg to Dorset, McBryde, and Niles (35), Dr J S Koen, an Inspector 
in the Division of Hog Cholera Control of the Bureau of Animal Industry, was 
the first to recognize the disease as bemg different from any previously encoun- 
tered He was so much impressed by the comcidental prevalence of human 
influenza and by the resemblance of the signs and symptoms seen m man to those 
occurnng at the time m hogs that he became convinced that the two diseases 
wrere actually the same He therefore gave the name of “flu” to this new dis- 
ease of hogs The opinion of Koen that “flu” represented an entuely new swine 


epizootic disease, and that swme might have been infected m the first instance 
fern man, was shared by some veteimanans and many farmers m the Middle 
West (36) Furthermore the name “hog flu” or “sivme flu” proved a generally 
accepted designation for the conchtion, though smce it has entered the period of 
Scientific mvestigation it has been dignified by the name “sivme mfluenza ” 
n the years immediately followmg 1918, Koen’s contention that a direct 
between the sivme and human diseases met con- 
era e verbal resistance Koen however was strong m his convictions, and 
^loug roquentlj called upon to defend them, stuck to them steadfastly 
diacrf'^ choice of what seemed, at the time, an unpopular name and 

for the choice as follows (37) “I have no apologies to offer 

condiUo imd wmter we were confronted with a new 

nosis m?' ' I believe I have as much to support tius diag- 

siimldnty' m P^'ysiciana have to support a similar diagnosis m man The 
close the re f ®P*clemio among people and the epizootic among pigs was so 
unm^ately^b frequent, that an outbreak m the family would bo followed 
stnhinc ^ ™ occtbrcak among the hogs, and vice versa, as to present a 
S comcidence if not suggestmg a close relation between the two 



430 


RICHAIID B SHOPE 


conditions It looked like ‘flu’, it presented the identical symptoms of ‘flu’ and 
until pioved it was not ‘flu’ I shall stand by that diagnosis ” 

Allowmg for certam differences between hogs and men, swme and panderoic 
human mfluenza were mdeed very much alike In addition to their comcidental 
prevalence m the autumn of 1918, the clmical and pathological pictures of the 
two diseases were similar. In both, fever, anorexia, cough, and other signs 
referable to the respiratory tract were promment, a leucopema occurred m both 
diseases, and m both the degree of prostration was out of all proportion to the 
rest of the clmical picture In both diseases the onset was sudden, the course 
short, and convalescence slow but usually uneventful Both conditions appeared 
to be highly contagious and to spread over wide geographic areas with the 
greatest rapidity Death, when it occurred m either the human or swme dis- 
ease, was frequently the result of a “water-logged”, bloody, edematous pneu- 
monia In the swme disease the mcidence m any mdividual herd approached 
100 per cent, while the case mortality rate varied between 1 and 4 per cent 
though it could be considerably higher Pregnant sows frequently aborted or 
gave birth to premature litters as a result of mfluenza 

It IS of course evident that all of these smnlanties could have been a matter 
of chance and that one is not warranted m drawmg conclusions as to the relation- 
ship of the two diseases merely on the basis of clmical and pathological resem- 
blances Their etiological agents should be known and compared In the 
beginning, or at the time that swme mfluenza gamed prommence as a vetermary 
problem, a comparison of this nature was impossible because the causative agent 
of neither disease was known. The etiology of swme mfluenza was finally 
determmed m 1931 and it proved to be different m character from that of any 
hitherto known disease of animals or man Because our studies of the etiology 
of swme mfluenza were so much hke a contracted panorama of the experiences 
of mvestigators of the human disease, I am gomg into some shght detail con- 
cemmg them 

The late Dr Paul Lewis and I began our studies of swme mfluenza durmg 
the autumn of 1928 Two strams of the disease were obtamed m Iowa where 
an epizootic was at the time m progress and no diflftculty was encountered m 
estabhshmg either stram m our laboratory swme at Prmceton by intranasal 
inoculation The respiratory tracts of all experimental animals were examined 
bacteriologically at autopsy, and much to our pleasant surprise, an organism 
similar to if not identical with Pfeiffer’s H influenzae was obtamed m pure 
culture from the first passage swme moculated with each of the strams (38) 
The two strains of the disease were mamtamed by serial nasal passage m swme 
at 4 or 5 day intervals and the same bactenum was isolated thereafter from all 
swme infected m later passages, with either stram of the disease, provided they 
came to autopsy withm 7 days foUowmg the onset of fever Frequently no 
organism other than this mfluenza-like bacillus could be recovered fiom the 
lungs or the bronchial exudate of infected animals Here then m swme mfluenza 
was an organism like that beheved by many to be responsible for mfluenza m 
man. The problem of determinmg the etiology of swme mfluenza seemed simple 
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at thosEtage, for while the bacillus, which we named Hemophilus influenzae suis, 
was not easy to cultivate, it could always be isolated from cases of the e\peri- 
mental disease by appropnate methods In addition, there w ere numerous cases 
m which it was the only organism that could be isolated, m these there was no 
choice but to consider it of etiological unportance, unless we washed entirely to 
deny it a role in the disease 

It was of course obvious that the organism should fulfill Koch’s postulates 
if it were actually the cause of swme mfluenza, and it seemed to do this veiy 
thmg on our first attempt The pig inoculated mtranasally with what we be- 
heved to be a pure culture became ill The lesions produced were similar to 
those of swme influenza, and the organism was recovered m pure culture from 
the respiratory tract Naturally we were elated, but our ]oy was short-lived 
because when we repeated the experiment m a second pig we failed to obtam 
an infection The ammal remamed perfectly normal and no lesions suggestive 
of influenza were to be seen when it was killed after a period of observation 
Four other pigs moculated mtranasally with pure cultures of the organism like- 
wise remamed normal, and we began to doubt that H influenzae suis caused 
swme mfluenza after all Even now' I know of no good explanation for that first 
positive experiment, because m dozens of attempts smee then we have failed 
completely to cause influenza with pure cultures of the organism 
In the autumn of 1929 another epizootic of swme mfluenza appeared m the 
Middle West and four fresh strains of infectious matenal were obtamed from 
Iowa and transmitted to our experimental swme Agam H influenzae suis was 
regularly encountered m animals ill of the experimental disease In addition, 
the organism was cultivated from 6 field cases m 5 different herds Freshly 
isolated cultures were agam found harmless for swme of proved susceptibihty 
In the autumn of 1930 we obtamed two new strains of swme mfluenza from 
the annual epizootic in Iowa and established them m our expenmental swme 
at Prmceton Agam H influenzae suis was the predommant or only organism 
that could be cultivated from the respiratory tracts of the experimental ammals, 
but all efforts to produce the disease with these new cultures were unsuccessful 
We were, at this stage of the game, m almost the identical predicament regard- 
ing the role of H influenzae suis m swme mfluenza that mvestigators of human 
influenza had been at the close of the 1918 pandemic regarding the Pfeiffer 
bacillus We had an organism which was regularly present m the disease, which 
was frequently the only organism to be found in relationship to the respiratory 
tract lesions, but which, admmistered m pure culture, faded to produce the 
disease Our transmission experiments had one important ad\ antage o\ er those 
m winch attempts had been made to mfect human volunteers with the Pfeiffer 
bacillus In the human experiments there was no evidence that the volunteers 
were susceptible to even the crude, supposedly infectious secretions so that it 
was impossible to know whether the fadurc of the Pfeiffer bacdlus to infect was 
due to immunity on the part of the \ oluntcers or to the orgamsm’s being of no 
etiological importance In the swme cxpcnmeiits, on the other hand, wo could 
regularly mfect with the crude respiratory tract secretions from cases of the 
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disease so that we knew that failure to induce disease with H. influenzae suis 
was not due to immunity. In fact swine that had failed to become ill as a result 
of mtranasal inoculation with pure cultures of H influenzae mis could be readily 
brought down later by moculation with crude lung suspensions from infected 
animals or by exposure to cases of the disease (39) Analogous roles for the 
Pfeiffer bacillus m human influenza and H influenzae mis m swme influenza 
were strongly suggested by these similarities, and it seemed probable that eluci- 
dation of the role played by H influenzae mis m the swme disease imght shed 
light on the true relationship of the Pfeiffer bacillus to human pandemic mfluenza 

THE VIRUS OP SWINE INFLUENZA 

A few attempts to infect swine by admmistermg bacteriologically sterile 
Berkefeld filtrates of known infectious material mtranasally had been made 
durmg the first year’s work No illness resembhng swme mfluenza had resulted 
and the experiments were considered negative By 1930, when H influenzae , 
mis had failed so completely to fulfill the requirements of an etiological agent, 
we were agam ready to consider a virus etiology m swine mfluenza 

A total of 10 experiments were conducted inoculating swme with sterile fil- 
trates of known infectious lung and bronchial exudate suspensions Three of 
these were mterpreted as negative, while m the remammg 7 some evidence was 
obtamed that the mjected filtrates had contamed an infectious agent The 
illness mduced by this filtiable agent, however, was defimtely not swme influ- 
enza, and for lack of a better name was merely called “filtrate disease” (40) ' 

Climcally the filtrate disease is much milder than swme mfluenza Some- 
times it IS so ill defined that infections are difficult to recogmze In most cases 
there is no elevation of temperature while m a few a fever for a day or so is 
observed This is at marked variance with the 4 to 6 day fevers seen typically 
m swme mfluenza The usual signs shown by filtrate-moculated sivme are a 
moderate and transient apathy, some diminution m appetite for a period not 
exceedmg 3 days, occasionally a slight cough, and, as m swme mfluenza, a 
moderate or marked leucopema The extreme prostration so common m swme 
mfluenza is lacking as are also signs mdicatmg extensive lower respiratory tract 
involvement The lesions at post-mortem are shght as compared with the 4 and 
5 lobe pneumomas of swme mfluenza The lungs show only a scant, scattered, 
patchy lobular atelectasis mvolvmg as a rule not more than small portions of 
one or two lobes ' 

The experiments mdicated the presence, m infectious matenal from cases of 
swme influenza, of a filtrable agent possessmg shght but defimte pathogemc 
properties for swme when administered mtranasally Subsequent study has 
shown that this agent is a virus H influenzae mis, while constantly encoun- 
tered m ammals with typical mfluenza, was not present m those with filtrate 
disease, not infrequently their lower respiratory tracts proved bacteriologically 
stsril© 

FoUowmg the establishment of the presence of a filtrable virus m swme influ- 
enza, the situation as to the etiology of the disease itself became even more 



PANDEMIC INFLUENZA 


433 


confused than it had been when H tnfluenzae suia was suspected Here, instead 
of one agent that could be looked upon as of possible etiological importance, 
were two such agents The bacterium could not be completely ignored, for, 
while It was apparently perfectly harmless for swme, its constant presence in 
so many samples of mfectious material from the field and its persistence on 
senal passage through experimental swme suggested strongly that it must play 
some role Neither could the filtrable virus be accepted as the cause of the 
disease because, while it unquestionably possessed pathogenic properties for 
swme, the mild illness that it caused was certamly hot swine mfluenza Con- 
sidered m the light of views current that an mfectious disease was caused by a 
single agent, we had leached a point m our experiments where it appealed that 
we had one too many under suspicion For a wlule it seemed essential to choose 
between the two Tlis situation that we found ourselves m was agam not 
peculiar to our own problem mth mfluenza in swme It had its counterpa’'t 
m human mfluenza when, dunng the 1918 pandemic, mvestigators were trying 
to decide between Pfeiffer's bacillus and a filtrable vims (hypothetical at the 
time) os the cause of that disease 

It finally developed that we did not have to choose between our two possible 
causative agents after all, because m the end both proved etiologically essential 
Swme mfluenza turned out to be a disease of complex etiology and to bo caused 
by the swme mfluenza vims and H tnjlucnzac sms aotmg together synergistically 
(40) The viras component, which when given alone caused the unld filtrate 
disease, differed from any pieviously luiown, that is, it seuned to be a “new” 
vims The bacterial component of the complex, haimless itself but with the 
vims capable of causmg severe and sometunes fatal influenza m swme, was very 
similar to it not identical with tlio non indol-producmg type of Pfeiffer’s H 
tnflucnzao 

It was subsequently found that swme recovered from an attack of the mild 
filtrate disease caused by the vims alone were miraune to swme mfluenza as 
produced by the combination of vims and bacterium (39) However, as I have 
intimated eirher, swme that had been moculatcd with H influenzae suts alone 
remained fully susceptible to swme influenza (39) It was apparent from this 
that so far as immunity to the disease xvns concerned the vims was the important 
component Furthermore it was found that the vims was strongly pneumo- 
tropic and produced infection only when given by way of tho respiratory tract 
Admmistered by any other route it was completelj innocuous Howex ei, x inis 
given subcutaneously or intramuscularly, though it failed to mduce infection, 
did produce a solid unmunity to swme influenza (39, II) Advantage has been 
taken of this observation m tho preparation of a vacemo effective against swme 
influenza 


With tho clarification of the etiology of swano influenza and the establishment 
of the fact that both U influenzae suis and tho vims were causally essential, 
a further comparison of the swino disease wath human influenza was not possible 
until someone demonstrated whether or not a vims was also involved m tho 
human disease For this there was not long to wait 
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A EILTRABLE VIRUS IN HUMAN INFLUENZA 

In 1933, Smith, Andrewes, and Laidlaw (42) transmitted a disease to ferrets ' 
by moculating intranasally filtrates of pharyngeal washings from cases of epi- 
demic mfluenza in man The ferret disease proved to be serially transmissible 
and was charactenzed by a 2 day mcubation period, a diphasic temperature 
response, s 3 nmptoms of nasal catarih, and variable systemic disturbances. The 
mucous membranes of the nasal passages of ferrets killed durmg the first or 
second febrile period were acutely mflamed. Histological exammation revealed 
vascular congestion, dilated lymph channels, numerous leucocytes, and complete 
disappearance of ciliated cells. The causative agent possessed the properties of 
a filtrable virus Sera obtamed either from recovered ferrets or from patients 
after an attack of influenza neutrahzed the virus All the evidence first pre- 
sented and that obtamed later pomts to the etiological importance of this virus 
in the disease A laboratory ammal for use m studymg human influenza was 
thus finally at hand. 

Smith, Andrewes, and Laidlaw also found that swme mfluenza virus was 
infectious for ferrets and m them produced an illness sunilar to that caused by 
the virus of human origm 

The susceptibihty of ferrets to swme mfluenza virus was easily confirmed. 
However, because difficulty was encountered m admmistermg infectious suspen- 
sions mtranasally, some of my animals were hghtly etherized prior to moculation 
(43) Ferrets mfected m tlus way developed a more severe illness than that 
described by the English investigators,' exhibitmg an extensive bloody, edema- ■ 
tous, lobai pneumoma when autopsied on the 4th or 5th day after mfection 
The pneumoma sometimes termmated fatally. In contrast to mfluenza m swme, 
the ferret disease was not modified m character when H znflumzae sms was 
admmistered with the virus 

In 1934, Francis (44) recovered a virus from cases of epidemic mfluenza in 
Puerto Eico In its earher passages this virus produced a disease iu ferrets 
similar m aU respects to that described for the Enghsh virus Francis thus 
confirmed the observations of Smith, Andrewes, and Laidlaw that a filtrable 
infectious agent could be transferred from human cases of epidemic mfluenza to 
ferrets Smce then the observation has been repeatedly confirmed by a great 
many investigators m all parts of the world Furthermore, Francis found that 
after several passages m ferrets anesthetized at the tune of moculation, his 
Puerto Eico virus produced pneumomas similar to those seen m ferrets inocu- 
lated m this way with swme virus He pomted out that this suggested adapta- 
tion of the human virus to the ferret Similar passage of the English stram also 
resulted in its acquirmg the capacity to produce pulmonary consolidation (45) 

It was thus apparent, as Fiancis mdicated, that feiret-adapted human mfluenza 
virus possessed pathogemc properties for ferrets like those shown from the 
beginnmg by swme mfluenza virus 

Andrewes, Laidlaw, and Smith (46) and Fiancis (44) discovered mdependently 
that the human mfluenza virus could be transmitted to white mice after pie- 
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linunary passage m ferrets A well-adapted virus regularly lolled mice in from 
2 to 5 days and at autopsy these animals showed an extensive pneumonia 
The virus of swine influenza also proved pathogenic for mice and produced 
a disease that was mdistmguisliable chmcally or pathologically from that caused 
by the human agent (46, 47) Like the disease m ferrets, that m mice was not 
modified W'hen H influenzae suis was administered together with the virus 
Early serological evidence mdicated that all stiains of the human mfluenza 
virus were identical In 1936, however, MagiU and Francis (48) demonstrated, 
by employmg the serum of rabbits early m the mimune response to a single 
mjection of a strain of virus, that serological differences between the mdiiidual 
strains of epidemic mfluenza virus were detectable This observation was sub- 
stantiated by Smith and Andrewes (49) usmg convalescent ferret serum Subse- 
quently, serological vanations m strains of human mfluenza virus have been 
reported by numerous mvestigators Despite the differences, however, it is 
clear that the various strauis constitute members of the same virus group and 
are indeed quite closely lelated Increased immumzation of animals, for m- 
stance, obhteiates thespecificity of the immune response, resulting m overlappmg 
of serological or active immumty to the different strains, and the antigen par- 
ticipatmg m the complement fixation reaction is common to all strains m the 
group In order to avoid confusion m termmology, influenza viruses classifiable 
serologically m the same group as the origmal stram isolated have been desig- 
nated as influenza A (50) Prior to 1940 no stram of virus other than influenza 
A was isolated from man 

Influenza A virus has been amply shown to be infective for man and capable 
of reproducing the chnical picture of epidemic mfluenza when administered by 
way of the respiratory tract to human volunteers (51, 52, 63) 

COMPABISON or THE VIBUSES OP HUMAN AND SWINE INFLUENZA 

The discovery of a virus m human mfluenza made possible a comparison 
between it and the virus of sivme mfluenza As I have indicated m the pre- 
cedmg section, the swme mfluenza virus, like influenza A virus from man, proved 
pathogenic for both ferrets and mice IVhile there were certam mitial differ- 
ences m pathogenicity, once the human virus was fully adapted it caused a 
disease m these two species that was mdistmguishable climcaUy or pathologically 
from that caused by swine mfluenza virus 

But (ho similarity between the swme and human mfluenza viruses did not end 
with their like pathogemcity for ferrets and mice It was found that they 
immunized against one another (45, 47) Thus ferrets or mice recovered from 
nifeotion with swme mfluenza virus were not only immune to reinfection with 
that agent but also usually resisted infection with the human influenza virus 
In like manner, animals first infected with human virus were found to be immmio 
later to the swme virus Such cross imraumty suggested a close unmunologic,!! 
relationship between the viruses from man and sivme That the two agents 
were not actually identical, however, could be shown serologically each virus 
w-as complotelj neutrahzed by its homologous immune serum while the heterolo- 
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gous immune serum usually failed to neutralize (54, 55, 47) Because of the 
nmor serological diversity mentioned earher as existmg among the human 
viruses, certam strains appeared immunologically more closely related to the 
swine virus than did certam others To the best of my knowledge, however, no 
authentic human influenza vuus stram unmunologically identical with swme 
mfluenza virus has ever been recovered from man The conclusion reached 
from consideration of cross-immumty and cross-neutrahzation experiments was 
that the viruses of human and swme influenza were rather closely related but 
not identical. 

The swme mfluenza virus particle was found by ultrafiltration studies to be 
the same size as the human influenza virus particle (56) 

With the discovery that a filtrable vims was mvolved m human mfluenza 
and that this agent bore such a strikmg similarity to the vims component of the 
swine mfluenza etiological complex, another pomt m common between the mflu- 
enzas of swine and man seemed to have been established. The unfortunate part, 
so far as complete comparison was concerned, was that the human vuus under 
study had not come from pandemic influenza but from the milder mterpandemic 
disease. 


THE SUSCEPTIBILITY OP SWINE TO HUMAN INFLUENZA VIRUS 

In View of the reputed background of swme mfluenza and its history of having 
appeared as a new disease m 1918 at the time of the great pandemic, it seemed 
of interest to study the behavior of the human mfluenza A vuus m swme This 
was done by Elkeles (57) and by Francis and me (58), and our results were m 
essential agreement It was found that swme, moculated intranasally ivith 
human mfluenza vuus alone, developed an extremely mild illness similar clinically 
and at autopsy to the filtiate disease caused by infection with swme mfluenza 
vuus alone When small amounts of a culture of H influenzae sms were adinm- 
istered with the virus a somewhat more seveie febrile illness usually resulted 
This was similar to swme mfluenza though clmically milder The animals were 
seldom ill and febrile foi longer than 2 or 3 days, and the extreme prostration so 
frequent m swme mfluenza was not observed At autopsy the pneumoma en- 
countered was of the same character as that seen m swme mfluenza but much 
less extensive The disease caused in swme by the human virus and H influ- 
enzae suis can best be charactenzed as a mild swme mfluenza similar quahtatively 
but diff ering quantitatively fiom the typical disease occurrmg naturally m this 
species 

Of further interest to the present discussion was the observation that not all 
pigs moculated with the human virus and the swme bactenum developed a moie 
severe illness than that caused_by the virus alone Some exhibited symptoms 
and pulmonary lesions like those seen m the filtrate disease, and m these'it could 
be shown that H influenzae mis had failed to become established with the virus 
Instances of this nature have never been encountered m swme moculated with 
swine influenza virus and H influenzae mis The facts would lead one to con- 
clude that, m swme, the human virus possesses less mvasive power than does 
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the swme virus Furthermore, the human virus seems to be inherently less 
capable of actmg s 3 Tiergistically ivith a second oiganism than is swme mfluenza 
virus In addition, while one of the characteristic features of swme mfluenza is 
its extreme contagiousness, the disease caused in swme by infection with human 
influenza viius and U tnjlttenzae suts is of only low commumcabilify 
Thus, m sivme, human mfluenza A virus differs from swme mfluenza virus 
m three rather outstanding features first, it is less capable of actmg synergisti- 
cally with a second organism, second, it causes a clmically milder disease, and 
third, it IS less highly contagious If differences of this character prevailed 
between two agents causmg disease m man it would be anticipated that out- 
breaks caused by each agent would be at wide variance with one another, both 
clmically and epidemiologically 

So far as our information at this stage of the story went, the human virus was 
specific for man though it could mfect swme under experunental conditions 
In like manner, the swme virus was specific for sivme though there was the his- 
torical evidence that it might have denved ongmally from man Our views 
as to this species specificity of the two viruses had to be modified shortly however 

ANTIDOWES TO 81VINE INFLUENZA VIBUB IN HUMAN SEBA 

With the discovery of the human mfluenza virus and its stnkmg sunilanty 
m many respects to the swme virus, new mterest was aroused m the possibility 
that the swme virus rmght have at one time been a human pathogen The 
most satisfactoiy way of obtaining information as to the past prevalence of a 
virus m a population is by studymg the vinis-neutralizing antibody content of 
sera from mdividuals m that population 
As I have already mdicated, sera from ammals recovered from infection with 
human influenza virus neutralized that agent but usually not the swme virus 
Conversely, the sera of animals recovered from infection with sivme virus neu- 
tralized that agent but usually not the human virus Thus we had some assur- 
ance that the antibody findmgs fairly accurately reflected the past history of 
animals so far as their previous experiences with either swme or human mfluenza 
virus were concerned It seemed reasonable therefore that some mformation 
of a similar nature for man might be derived from like studies of the antibody 
content of human sera 

The results obtained both m England (54) and m this country (69, 60) were 
quite unexpected m that it was found that the sera of almost all adults studied 
neutralized swine mfluenza virus whereas the sera of only 3 of 41 children under 
10 years of age exercised a similar effect The sera of some of the children and 
between one half and two thirds of the adults neutrahzed mfluenza A virus, 
as might have been expected from our knowledge of the recent past prevalence 
of human mfluenza 

So far as our serological findmgs went, then, they mdicated that almost all 
adults had undergone a past infection with a virus of the swme mfluenza type, 
1 but 3 of 11 children under 10 m the senes had evidently not undergone this 
infection Interpreted m the usual way for viruses m general, these data mdi- 
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gous immune serum usually failed to neutralize (54, 55, 47) Because of the 
ininor serological diversity mentioned earlier as existing among the human 
viruses, certain strains appeared immunologically more closely related to the 
swme VITUS than did certam others To the best of my knowledge, however, no 
authentic human mfluenza virus stram immunologically identical nath swme 
mfluenza virus has ever been recovered from man The conclusion reached 
from consideration of cross-immumty and cross-neutrahzation experiments was 
that the viruses of human and swme mfluenza were rather closely related but 
not identical. 

The swme mfluenza virus particle was found by ultrafiltration studies to be 
the same size as the human mfluenza virus particle (56) 

With the discovery that a filtrable virus was mvolved m human mfluenza 
and that this agent bore such a striking similarity to the virus component of the 
swme mfluenza etiological complex, another pomt m common between the influ- 
enzas of swme and man seemed to have been established The unfortimate part, 
so far as complete comparison was concerned, was that the human virus under 
study had not come from pandemic mfluenza but from the milder mterpandemic 
disease 


THE SUSCEPTIBILITY OF SWINE TO HUMAN INFLUENZA VIRUS 

In View of the reputed background of swine mfluenza and its history of havmg 
appeared as a new disease m 1918 at the tune of the great pandemic, it seemed 
of mterest to study the behavior of the human influenza A virus m swme This 
was done by Elkeles (57) and by Francis and me (58), and our results were m 
essential agreement It was found that swme, moculated mtranasally mth 
human mfluenza virus alone, developed an extremely mild illness similar chmcally 
and at autopsy to the filtrate disease caused by infection with swme mfluenza 
virus alone When small amounts of a culture of H tnjiumzae sms were admm- 
istered with the virus a somewhat more severe febnle illness usually resulted 
This was similar to swine mfluenza though chmcally milder The animals were 
seldom ill and febnle foi longer than 2 or 3 days, and the extreme prostration so 
frequent m swme mfluenza was not observed At autopsy the pneumoma en- 
countered was of the same character as that seen m swme mfluenza but much 
less extensive The disease caused m swme by the human virus and H tnflu- 
enzae suis can best be charactenzed as a nuld swme mfluenza similar qualitatively 
but differmg quantitatively from the typical disease occurimg naturally m this 
species 

Of further interest to the present discussion was the observation that not all 
pigs moculated with the human virus and the swme bactenum developed a more 
severe illness than that caused by the virus alone Some exhibited symptoms 
and pulmonary lesions like those seen in the filtrate disease, and m these' it could 
be shown that U. ^nflumzae suts had failed to become established with the virus 
Instances of this nature have never been encountered m swme moculated with 
swme mfluenza virus and H influenzae sms The facts would lead one to con- 
clude that, m swme, the human virus possesses less mvasive power than does 
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the swme virus Furthermore, the human virus seems to be inherently less 
capable of actmg synergistically with a second organism than is swme influenza 
virus In addition, while one of the characteristic features of sivme influenza is 
its extreme contagiousness, the disease caused m swme by mfeotion with human 
influenza virus and if influenzae suts is of only low communicability 

Thus, m sivme, human influenza A virus differs from sivme influenza virus 
m three rather outstandmg features first, it is less capable of actmg synergisti- 
cally with a second organism, second, it causes a clmically milder disease, and 
third, it IS less highly contagious If differences of this character prevaded 
between two agents causmg disease m man it would be anticipated that out- 
breaks caused by each agent would be at wide variance with one another, both 
clmically and epidemiologically 

So far as our mformation at this stage of the story went, the human virus was 
specific for man though it could infect swme under experimental conditions 
In like manner, the swme virus was specific for swme though there was the his- 
toncal evidence that it might have denved origmally from man Our views 
as to this species specificity of the two viruses had to be modified shortly however 


ANTIBODIES TO SWINE INFLUENZA VIRUS IN HUMAN SERA 


With the discovery of the human influenza virus and its strikmg smulanty 
in many respects to the sivme virus, new mterest was aroused m the possibility 
that the swme virus might have at one tune been a human pathogen The 
most satisfactory way of obtammg mformation as to the past prevalence of a 
virus m a population is by studymg the virus-neutralizmg antibody content of 
sera from mdividuals m that population 
As I have already mdicatcd, sera from animals recovered from infection with 
human influenza virus neutrahzed that agent but usually not the swme virus 
Conversely, the sera of animals recovered from infection with smne virus neu- 
trahzed that agent but usually not the human virus Thus we had some assur- 
ance that the antibody findmgs fairly accurately reflected the past histoiy of 
animals so far as their previous expenences with either swme or human influenza 
virus were concerned It seemed reasonable therefore that some information 
of a smiilar nature for man might bo denved from like studies of the antibody 
content of human sera 


The results obtamed both m England (54) and m this country (59, 60) were 
quite unexpected in that it was found that the sera of almost all adults studied 
neutrahzed swme influenza virus whereas the sera of only 3 of 41 children under 
10 years of ago exercised a sunilar effect The sera of some of the children and 
between one half and two thirds of the adults neutralized mfluenza A vmis 

as might have been expeeted from our knowledge of the recent past prevalence 
of human mfluenza pi<-vaiein.e 

So far as our serological findmgs went, then, they mdicatcd that elmn-f oii 
ndiflts had imdergono a past infection with a virus of the ZZ iSL^f ^ 
aU but 3 of 41 children under 10 m the senes had evidently not und 
■nf-tion Interpreted m the usual way for viruses 
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cated the past widespread prevalence in human bemgs of a virus of the swme 
influenza type 10 or more years prior to that m which the neutiahzation tests 
were carried out (1935) The reputed histoiy that swme influenza appealed 
first m 1918 serves to date the time of prevalence of the agent lesponsible for 
the swme influenza virus antibodies m human sera Smce swme influenza virus 
IS not currently present m man and, to judge from the results of the studies of 
the antibody content of human sera, ceased mfecting man extensively sometime 
prior to 1925, it seems quite appaient that its peuod of prevalence m man was 
m all probability m the neighborhood of 1918 and shortly thereafter Laidlaw 
(61) and I (62) have expiessed the opmion theiefore that the presence of swme 
mfluenza virus-neutrahzmg antibodies m human adult seia can best be explamed 
on the basis of pievious mfection of those mdividuals with a virus bearmg the 
antigemc composition of the one which now causes mfluenza m swme This 
virus, according to our viewpoint, is the one that was widely prevalent m man 
m 1918 and probably for several succeedmg years and which was mvolved m the^ 
great pandemic We have therefoie mterpreted the presence of swme virus 
antibodies m human sera as mdicative of a previous mfection ivith virus of the 
1918 pandemic type 

This theory oi inteipretation has from time to time been attacked by qmte 
a number of good people domg mfluenza research, most notably Burnet, Francis, 
and Andrewes, and cannot be said to be generally accepted Most of the ob; 
jectors have explamed the presence of swme virus antibodies m human seia as 
resultmg from repeated exposuie to human mfluenza virus It is known from 
work with experimental animals that, though one exposure to human type virus 
results m the formation of neutralizmg antibody to only that virus, multiple 
exposures may eventually result m the appearance of antibodies that neutiahze 
both the human iarus and the swme virus On this basis the presence of swine 
virus-neutrahzmg antibody m the seia of adults is explamed as resultmg from 
many previous infections with human virus, conversely, absence of sivme virus 
antibody m the sera of younger people is accounted for as due to insufficient, 
opportunities foi mfection with human virus to broaden the antibody spectrum 
to mclude swme virus This fine of reasonmg seems awkward to me, and it / 
also seems particularly foituitous, too much so, that this general mfluenza anti- 
body, so-called, should happen to react selectively with a vuns of the antigemc 
composition of swme mfluenza virus While I do not want to take up a lot of 
tune on the matter, I should just like to pomt out befoie I leave the subject that 
quite a high proportion of human adult sera (35 of 112 m my own series (60)) 
neutiahzed only the swme virus and weie without significant effect on the human 
agent In these, then, the added assumption would have to be made that the 
“specific” human virus antibody disappeared while the “non-specific” swme 
virus antibody persisted a highly artificial iigmarole to have to go though to 
avoid a sunple and direct explanation I still thmk that the presence of swme 
influenza virus-neutralizmg antibody m human serum may be an indication of 
a previous infection with virus of that antigemc type, and that m all proba- 
bility the swme virus v/as at one tune, probably durmg the 1918 pandemic, a 
human pathogen 
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the naturae occurrence of human influenza virus infection in swine 
Proof that the present human mfluenza virus can invade sivme undermaturd 
conditions does not have to be so circuitously arrived at In the spnng of 1037 
a serum sample from a pig. sent to the laboratory fiom the New Jereey State 
Prison Farm at Bordentown, was tested for human and swme mfluenza vi^- 
neutrahzmg antibodies Surprismgly the sample neutrahzed the human but 
not the sivme virus This was the first field sample of pig serum, from a number 
that had been tested, that we had found to contam antibodies effective against 
the human agent The unex-peoted finding led us to study the siwne drove at 
the Prison Farm more completely Twenty-eight other pigs were bled and their 
sera tested for swme and human mfluenza virus antibodies AH 28 sera neu- 
trahzed the human virus (63) None neutrahzed the swme virus DuiMg 
December of 1936 and January of 1937, there had been a number of cases elm- 
ically diagnosed as mfluenza both among the inmates at the prison furnishing 
garbage for the piggery and among the attendants at the farm At another 
state mstitution, the New Jersey State Home for Boys at Jamesburg, there 
had been an outbreak of mfluenza among the mmates durmg the same ivmter 
This had been studied by Stokes and his coworkers (64) and defimtely estab- 
lished as influenza by the isolation of typical influenza A virus The sw^e 
drove at this institution was cared for by the mmates and seemed to offer further 
favorable material for study Sera were obtamed from 20 of the pigs that had 
hved through the wmter durmg which influenza had prevailed m the human 
population Fifteen of the sera neutralized human influenza virus but not the 
swme virus and the remammg 5 sera neutrahzed neither 
It IS believed on the basis of the Uown behavior of sivme to experimental 
infection that the anUbodies resulted from actual mfection of the ani^ls with 
human mfluenza virus and that, in both herds studied, a ividespread i^ection 
of human ongm had occurred Neither swme outbreak was recogmzed at the 
time of Its occurrence but this is not surprising because, oven under conditions 
of experimental mfection of swme with human influenza virus alone, the result- 
ing disease is so mild and lU-defined as to be difficult of certam recogmtion 
How the virus was transferred to swme is unknown, though presumably it was 
either by direct exposure to human cases or through the medium of garbage 

contammated by virus „ . , 

The observations lust outlmed, by demonstratmg that human mfluenza virus 
of the type preialent durmg the wmter of 1936-37 was transnntted to swme 
under natural conditions, furnish evidence that a similar tn^mipion from man 
to sivme might readily have occurred m 1918 If it transferred m 1936-37 as 
our experimental evidence mdicates that it did. I see no j^tification m the v aa- 
ous objections that have been raised to the acceptance of the ev idence that the 
pandemic virus similarly tnmsfcrrcd, probablj wath iffi Pieiller baciU.^ co- 
conspuator, m 1918 and has contmuod smee then as w^t we know todaj as 
sme influenza v irus The fmluic of recent stn^ of human mfluenza ynis 
to cause widely dmsemmated poreme epizootics like th^ causcxl annuallj m 
theMuldle West by swme mfluenza virus may be cxplamed b> the low contagious- 
ness. when m swme, of the current liiunan influenza virmsM 
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From' the evidence presented it seems to me that the conclusion is justifiable 
that neither the current human influenza virus nor the swme mfluenza virus is 
strictly specific for the species m which it now occurs, the human viius can 
transfer under natural conditions to swine, and a large body of indirect evidence 
mdicates that the swme virus actually was, withm our own tune a human 
pathogen. ’ ' 

THE RELATIONSHIP BETWEEN PANDEMIC AND INTEBPANDEaHC INPLirENZA 

The question of the relationship between pandemic influenza and that which 
occurs between pandemics has engaged a great deal of attention and speculation 
m the past A number of observers (6) of the 1918 mfluenza have pomted out 
that the first wave of that outbreak was not unlike influenza of the mterpan- 
demic years and would probably have attracted very little attention had it not 
been followed by the severe second wave. 

A view that has been widely expressed by those who believed the 1918 pan- 
demic to be of virus etiology is that two immunologically different viruses are 
involved m pandemic and mterpandenuc mfluenza Pnoi to 1940 we had defi- 
nite knowledge of only one human mfluenza virus, namely, A While diffeient 
strams of this A virus showed mmor antigemc differences these were not marked 
enough to interfere seriously with a unifoim immunological response to the agent 
In 1940, however, an mfluenza virus immunologically entirely distmct from A 
was discovered by Francis who designated the new agent influenza virus B (65) 
We now have good evidence of an mdirect chaiacter that the B type virus formed 
the etiological basis for an extensive epidemic of mfluenza oiigmally recogmzed 
in Cahforma durmg the early months of 1936 The agent, so far as we know, 
did not reappear as the cause of any widespiead outbreak agam until m the fimt 
two months of 1940 when it formed the basis for an extensive outbreak m the 
southeastern pait of the country Both of these epidemics with which we now 
know influenza virus B to have been associated were of the same general char- 
acter as those caused every other year, smce its discovery, by the mfluenza A 
vims The pomt that I should like to make m connection with the B type 
virus IS that it was what might be termed a “new” virus, so far as could be told 
by the general low level of antibodies against it m human seia, and appeared 
upon the scene without causing any catastrophic outbreak such as the 1918 
pandemic had been. It therefore does not necessaiily follow that the appear- 
ance of an mfluenza virus, apparently new to a fully susceptible population, is 
gomg to result m an outbreak of pandemic proportions 

This question of the relationship of mterpandenuc mfluenza to the pandemic 
disease is one of very great importance to us right now We know that the 
relatively mild mfluenza that appeai-s every other ivmter, or more frequently, 
has a vims as its cause We know a great deal about this vims and much more 
IS bemg learned daily because it is bemg mtensively studied m a number of 
different laboratories What we do not know is whether all of the mfoimation 
that we aie accumulating about mterpandemic mfluenza and its causative viruses 
will be of any use to us m undeistandmg or combatmg the next pandemic 
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No one can have more than an opmion concerning the relationship of a disease 
of unknown etiology occurnng 25 years ago and one, whose cause we know, 
occurnng today I should’ like bnefly to outlme my own opmion concermng 
the relationship of pandemic mfluenza to the current mterpandemic disease and, 
m so doing, to detail my own views as to the probable etiological character of the 
pandemic disease 

I shiill start with the assumption, to which I thmk everyone will now agree, 
that current epidemic influenza has a virus cause As I mdicated earlier, we 
have evidence that influenza A vuus has caused outbreaks at least every other 
year smce its discovery during the wmter of 1932-33 Influenza B virus caused 
outbreaks m the early months of 1936 and 1940 Serological studies of human 
material would seem to mdicate that, of the two agents, the A virus is the more 
common and in the past has been the more prevalent Certamly we have 
information concenung the occurrence of virus A m human outbreaks chrono- 
logically farther mto the past There is no reason to suppose that the 1932-33 
outbreak m which the mfluenza A virus was first identified was the origmal 
outbreak ivith which it was associated It seems more likely that it had been 
causmg mfluenza for many years before the scientific finger was finally placed 
upon it and that this influenza had been the usual characteristically mild mter- 
pandemic type In the sprmg of 1918 there occurred an outbreak of mild 
mfluenza that was geographically of wider distribution than usual, but certamly 
of no wader distnbution than was the epidemic of 1030-37, for mstance, knowm 
to be of virus cause This mild 1918 outbreak, as mvestigators who saw it 
commented, would probably have attracted no more attention than any other 
mterpandemic occurrence of the disease had it not been followed m the autumn 
by a severe second wave, the 1918 pandemic There would seem to be no logical 
basis for decidmg on clmical grounds that the mild first wave of 1918 was sig- 
nificantly different from the occurrences of mterpandemic mfluenza that pre- 
ceded it and that have recurred smce the pandemic of 1918 ran its course 
Because we have no basis for comparison other than the supposed clmical simi- 
larities between the 1918 first wave and mterpandemic mfluenza, it would seem 
that we were justified in drawmg no other conclusion from the information 
available tlian that the two were probably causally related This bemg the case, 
then the best opmion would seem to be that the mild first wave of 1918 influenza 
was an outbreak of virus mfluenza To make the immunological surmising, m 
which I shall later have to mdulge, effective, it will be necess,iry to assume that 
the influenza virus mvolved was of the A type This is not an unreasonable 
assumption because the A virus, from all the available information, is and has 
been the more common type prevailmg m mterpandemic influenza 
There are two features of the first wave other than its clmical mildness, to 
winch I should like to call especial attention as bemg of particular significance 
to the present discussion “First, to judge from the reports of bacteriological 
studies, the outbreak was not notably associated with a coincident widespread 
Pfeiffer bacillus mfection In this respect, the mild first wa\ c differed markedly 
from the pandemic wave in which the mcidence of infection with the mfluenza 
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baciUus was extremely high. Second, most of the evidence available mdicates 
that the first wave conferred a perfectly definite and clear-cut immunity to the 
pandemic wave ^This is extremely important so far as orientmg the agent 
responsible foi the pandemic is concerned If mdmduals lecovered from infec- 
tion with the virus that we have hypothecated as the cause of the first wave 
were indeed immune to the agent lesponsible for the pandemic wave, the only 
admissible conclusion that can be drawn is that a vims, antigemcally identical 
with or closely related to that of the first wave, was also primarily associated 
with the pandemic wave W e thus reach the pomt whei e out deducible evidence 
mdicates mvolvement of the influenza vims m both waves How then can we 
account for the strikmg diffeiences m the epidemiology and climcal severity that 
existed between the two waves? Tiue we do have evidence that the Pfeiffer 
bacillus was widespread among cases of the pandermc wave and practically 
lacking among those of the first wave, but if the two viruses were similar, and 
our immunological evidence suggests this, it is unreasonable to suppose that m 
one wave the Pfeiffei baciUus would play a role and not play a similar role m the 
other wave. 

We have assumed for the sake of the present discussion that the current 
influenza A vims, or one of its very closely related ancestors, was the agent 
responsible for the first wave We thus know qmte a lot about this first wave 
virus We know among other thmgs that, m addition to man, it was pathogenic 
for ferrets, mice, and swme It seems, m retrospect, a shame that someone 
did not think to put pharyngeal washmgs from cases of the pandemic disease 
into the noses of ferrets, mice, or swme, so that we might also have the pandemic 
vims for comparison Of the dozens of people studymg mfluenza at the tune, 
no one seems to have done this, at least no mvestigator did it purposely But 
this oversight may not have been too senous, because Nature seems to have 
tried its own h^d m the mvestigation As I have mentioned eailier, at about 
the tune the pandemic was gettmg under way m the Middle West a new disease 
appeared among the hogs out there This ailment bore such a strikmg clmical 
and pathological resemblance to mfluenza and comcided so frequently m its 
onset with the occurrence of pandemic mfluenza among the human inhabitants 
of the farm that a causal relationship between the two diseases seemed certam 
to observers on the spot This 1918 influenza of swme very obligmgly became 
firmly established m its new host and has persisted up to the present day so that 
there has been ample opportunity to study the infectious agents it seems to 
have preserved for us from its 1918 human prototype Now to me it appears 
immaterial, so fai as the eventual end result is concerned, whether some mvesti- 
gator durmg the 1918 pandemic discovered the cause of pandemic mfluenza by 
moculatmg material from patients mto s\vme, or whether the pigs ]ust picked 
up the mfection on their own and preserved its etiological character for discovery 
later on By both methods the same objective is achieved In fact, when the 
matter is considered more circumspectly there are certam apparent advantages 
m lettmg the pig and Nature woik the thmg out themselves By this I mean 
that a more accurate conception of the true etiological picture has m all hkeli- 
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hood been obtained than if experiments ivith ferrets, mice, and sivme had been 
conducted m 1918 Had ferrets or mice been used at that tunc the virus would 
no doubt have been discovered but, smce the Pfeiffer bacillus plays no role in 
the infection m these tno species, the sigmficance of the concomitant presence 
of this bactenum m the infectious process would probably have been missed 
The sigmficance of the complex infection might even have been missed had the 
expenments been conducted imtially m sivme, because the tendency among 
virus-minded mvestigators then, as now, has been to filter away and discard any 
bactenum found m association with a filtrable agent The way the thing worked 
out under natural conditions m the farm yards of the Jliddle West was probably, 
after all, the best because, not only was the virus preserved for later study, but 
the bacterial component of the etiological complex was segregated from among 
the large mixture of other bactena with which it was confusedly mixed m man 
It thus seems entirely hkely that m swme influenza we have a replica of the 
etiology of the human pandemic disease of 1918 Also, m swme it appears that 
we have a species of animal reflectmg, more nearly than any other, the various 
reactions of man to mfiuenzal infection 

Assummg all tins to be reasonably true we have, from the work I have de- 
sonbed earhei in these lectures, a tangible explanation for the differences be- 
tween pandemic and intcrpandemic influenza I shall try to rationalize the 
differences observed on the basis of the known differences m behavior of human 
and swme influenza virus m swme Human mfluenza A virus, as I have told 
you, produces a mild illness in. swme, and this illness is only moderately and 
irregularly accentuated when H influenzae sins is admimstorcd with the virus 
The disease is not more than moderately contagious Sivine mfluenza virus 
alone also produces only a mild illness, but this illness is very markedly accentu- 
ated when H influenzae suis is given with the virus The disease is very highly 
contagious An attack of human mfluenza A virus usually lenders an anunal 
immune to swme mfluenza virus Influenza A virus m swme is thus an agent 
of relatively low commumcability and with little capacity to act synergistically 
with a second organism, while swme mfluenza virus is one of extremely high 
communicability and with a marked capacity to act synergistically with // 
influenzae suis Though these viruses arc immunologically related and possess 
very similar pathogemo properties for ferrets and mice, their widely diffcrmg 
behavior m swme demonstrates their potentialities to induce diseases of widely 
differmg epidemiological, cluneal, and pathological patterns Translated into 
the terms of the first and second waves of mfluenza in 1918, we find the influenza 
A virus, or one of its ancestors, during the first waie causing a mild disease of 
low dispersiveiicss m which neither tho Pfeiffer bacillus nor any other bactenum 
regularly played a significant role Dunng tho second wave we find a virus 
of tho swme influenza tjpo causmg a severe disease of high dispersiveness in 
which the Pfeiffer bacillus and numerous otlicr bactena played a constant and 
lethal role 

The human mfluenza A varus m its role as a human or sw me pathogen behaves 
like a complete mfcctious unit and has httlc capacity to accentuate its patho- 
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genieity by synergistic activity with a bacterium The pandemic virus, on the 
other hand, m its role as a human or svvme pathogen behaves like an mcomplete 
infectious unit m that it possesses a marked capacity to accentuate its patho- 
gemcity by synergistic activity with a bacterium It seems to have an mheient 
avidity for combmmg with a second organism. In aU likelihood, at the outset, 
it begins its course alone and causes a chmcal pictme much like that caused by 
the mterpandemic virus. However, once it is m contact with a bacterium for 
which it has an avidity, it immediately sets up the alhance which conveits it 
to a complete infectious imit, and from there progresses on its true pandemic 
course In the case of the swme influenza virus m swme, the avidity of the 
virus IS definitely and rather specifically limited to H influenzae suts Whether 
the pandemic virus has a specific avidity for H influenzae is still, for want of 
defimte experimental evidence, a matter of opmion My own opimon, based on 
three considerations, is that the pandemic virus does have a specific avidity for 
the Pfeiffer bacfllus and that the infectious unit for pandemic mfluenza is “virus 
plus Hemophilics” just as m swme influenza the infectious unit is a similar com- 
plex This does not mean that other bacteria do not play a possibly significant 
role m the pathogenesis of the disease In swme mfluenza one not infrequently 
' sees cases badly mfected by secondary mvaders, but these complicating bacteria 
are secondary, not to the virus, but to the complex of “virus plus Hemophilus ” 
In such cases the Hemophilus can usually be demonstrated, although it may be 
far from the predommatmg organism 

The three considerations upon which I base my opmion that the pandemic 
virus has a specific avidity for the Pfeiffer bacillus, and with it constitutes the 
infectious umt, are as follows — 

First, the view is m accord with the recorded bacteriological findmgs of the 
1918 pandemic and satisfactorily answers the objections raised to the acceptance 
of the Pfeiffer bacillus as the sole etiological agent The oiganism was found 
frequently enough in cases to mdicate its probably almost universal presence 
and was eertamly much more constantly present than any other organism at 
the site of the specific lesions m the respiratory tiact The view cannot be 
challenged on the basis of the oigamsm’s widespread prevalence m normals, its 
serological diversity, its failure to infect human bemgs when given m puie cul- 
ture, or its failure to be the predommant bacterium m the respiiatory tract flora 
of many cases Second, our own expeiiences m mcrmnnatmg H. influenzae sms 
m the etiology of swune mfluenza bear such a strikmg parallel to the recorded 
efforts to elucidate the relationship of H influenzae to pandemic mfluenza that 
I cannot but feel that the similarities aie more than comcidental Third, if, 
as seems likely, the pandemic virus transferred from man to swme m 1918 and 
if, as also seems likely, the Pfeiffer bacillus transferred with it, it would be rather 
' illogical to suppose that two agents bearmg such an mtimate relationship to 
each other m mducmg swme mfluenza should not have borne a similar relation- 
ship to each other m their piecedmg host Certamly of all the horde of bacteria 
occurrmg m pandemic mfluenza it would be most peculiar to have a non-essential 
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one choose to accompany the virus m tranaferrmg to a new host For these 
reasons I beheve that the infectious umt m pandemic mfluenza is composed of a 
specific complev of virus plus Pfeiffer’s bacillus ' 

On this basis, then, the two waves of mfluenza m 1918 were etiologically quite 
distmct The first was caused by a virus of the current human type capable of 
actmg alone as a complete infectious umt The second wave was caused by an 
miraunologically related but not identical vims which required the synergistic 
activity of the Pfeiffer bacillus to convert it mto a complete infectious umt 
The former viros has persisted and causes periodic outbreaks of what we term 
now epidemic influenza The latter virus has apparently disappeared as a human 
pathogen but persists in sivine ■' A generic relationship between the two viruses 
m 1918 would be difficult to establish My own opmion is that the two waves 
may have occurred mdependently of one another and their apparent chrono- 
logical relationship may have been purely a matter of comcidence I beheve 
that the pandemic outbreak might have come whether the mild sprmg wave had 
occurred or not An attractive subject for speculation, however, is the possi- 
bihty that the vims of the second wave arose as a mutation or adaptation from 
the virus of the first wave The antigemc relationship between the two vimses 
IS not out of hne ivith the possibihty, and certamly some explanation such ns 
this would render much easier a visualization of the ongm of the stram respon- 
sible for the pandemic The mutation would have been one which altered the 
parent vims in such a fashion that it requured the synergistic activity of a specific 
bacterium to complete it as an mfective umt If such a mutation occurred it 
apparently altered the antigemc composition of the virus also, because the 
present swme vims and the present mfluenza A viruses are antigemcally quite 
different even though they do cross-immumzc against one another m experi- 
mental animals IVhether the next pandemic will bo caused by a virus anti- 
genically like mfluenza A, influenza B, or sivme mfluenza cannot be predicted, 
but whatever its antigenic composition, I am most certam that it will of itself 
be an mcomplete mfectious umt and will require the good offices of the Pfeiffer 
bacillus m carrying out its depredations 
This bnngs us back to the pomt of answermg the question as to whether the 
information that we are accumulatmg about mterpandomio mfluenza and its 
causative vimses will be of any use to us m understanding and combatmg the 
next pandemic I think that it wall, because what evidence we have indicates 
that, even m a complex infection, such as swine mfluenza is and pandemic 
influenza is mdicatod to bo, the virus component of the complex is the immuno- 
logically important portion In swme mfluenza, for instance, if one immumzcs 
an animal to the vims, it is immune to the total complex of vmis and bacterium 
Por this reason it seems to me that everything we discover about the recognition, 
handlmg, and control of the current vimses wall be applicable to the next pan- 
demic vims whatever its antigemc character may be The trick wall be to 
recognize it and isolate it m time to use it One suggestion that might bo made 
IS that, on the chance that pandemic history may repeat itself and give us a vims 
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of' the swme antigenic type to deal with, we should mclude this virus in our 
human vaccmes, or at least have it m readiness for mclusion if the next pandemic 
should happen to be of the swme type 

EPIDEmOLOGY OP SWINE INFLUENZA 

One of the largest puzzles so far as the epidemiology of influenza is concerned 
has to do with the whereabouts of the causative virus between outbreaks We 
know that influenza A virus lecurs m epidemic form at roughly two year mter- 
vals The two known visitations of mfluenza B virus were spaced by a four 
year mterval, and outbreaks of pandemic mfluenza occur at mtervals of over a 
decade Where are the causative viruses duimg the mtei-vals that they are not 
producmg mfluenza m man*!* I have mdicated the possibihty that the 1918 
pandemic virus may have aiisen as a mutant of the current epidemic mfluenza A 
virus, but this suggestion, even if coriect, gets us httle further along the way 
towards an understanding, because it does not explam the mtei -epidemic where- 
abouts of the virus m which the mutation may have occurred 

Swme mfluenza until lecently posed the same epidemiological question con- 
cerning the mter-epizootic whereabouts of its vims In a disease as highly 
contagious as swme mfluenza one does not worry too much about its mode of 
dissemmation once an epizootic has started However, gettmg that first case, 
which presumably will seed the outbreak, is the puzzle Also, gettmg the dis- 
ease from one drove to another m extremely lapid succession offers certam other 
difficulties of explanation Sivme mfluenza epizootics have occurred m the 
Middle West each year smce 1918 Characteristically they begm explosively 
late m October or early m November (35, 36) The build-up of cases is ex- 
tremely rapid and one gams the impression that the disease has arisen at many 
different foci simultaneously By this I mean that when the hogs on one farm 
sicken, those on other farms m the region are very likely to come down at about 
the same time The pattern of appaient dissemmation is veiy reminiscent of 
that seen among army camps and civihan commumties at the outset of the 1918 
human pandemic The disease, if it is actually dissemmated, gets spread about 
in miraculously and unbelievably rapid fashion After the imtial widespread 
outbreak, fresh swme droves become mfected m smaller and smaller numbers 
until by late December, as a rule, the epizootic appears to have run its comse 
and swme mfluenza disappears as a farm infection until the folloivmg October 
or November 

The lapidity of spread of pandemic mfluenza m 1918 was explained, at least 
partially, on the basis of the availability of modem means of tianspoitation m 
scattermg the infectious agent, through the medium of mfected passengeis, ovei 
geographically large areas Vetermaiians, mfluenced piobably by views of this 
character, have similaily rationahzed the appaient rapid dissemmation of sivme 
influenza While hogs as a rule do not tiavel except to market, and this is a 
one-way trip, their owners do visit aiound and m some obscuie way aie supposed 
to spread disease from faim to farm Actually it is probable that the pioblems 
of the epidemiology of modem swme mfluenza aie very similar to those of human 
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pandemic influenza occurrmg before the era of rapid tra,vel I went into some 
detail earlier in outlining IStli century views concermng tl^e epidenuology of their 
influenza, and I should like to have you recall those and bear them in mnd 
now, while I am outlining a partial elucidation of some of the problems of the 
epidemiology of swme influenza 


THE BOLE OF THE SW'INB LUNGW'OBM IN THE EPIDEMIOLOGY OP 
SWINE INFLUENZA 

Beeause the swme lungworm has been found to enter prominently mto the 
epidemiology of swme influenza, I had best briefly outline its life cycle as deter- 
mined by the Hobmaiers (60) and by Schwartz and Ahcata (67) The swme 
lungworm (I have worked largely with a imxture of Metastrongyhis elongalus 
and Clwerosironyylua pudendolcdus) is a nematode parasitic m the bronchioles 
of the bases of the lungs of swme The adult female lungworm lays fully em- 
bryonafced eggs m the bronchi of the swme she infests These eggs are coughed 
up and swallowed, and reach the outer world m the feces Their further devel- 
opment then 13 dependent upon their bemg mgestcd by earthworms Once 
withm the earthworm, the lungworm eggs hatch and the larvae develop to the 
third or mfectivo larval stage, usually localizmg m the calciferous glands and 
hearts of the parasitized earthworm They persist m this stage until the earth- 
worm host 13 eaten by a pig In the pig the lungivorms undergo two further 
developmental stages, finally reaching the sivine respiratory tract by way of the 
blood stream and lymphatics, where they become adults The whole of this 
cycle can occupy a span of several years for its completion, or under the most 
favorable conditions can be completed m a httle more than a month 
About tliree years ago it was discovered that the lungworm could servo as 
mtermediatc host for the sivme mfluenza virus (68) It was found that the 
larvae developing from lungworm ova laid dunng the time the host pig is 
undergomg an attack of swine mfluenza, or even from those hud for at least a 
short penod after recovery, are earners of swme mfluenza virus A most 
puzzlmg feature of the transmission of swme mfluenza virus by the lungivorm, 
however, is that virus cannot be detected by direct means either m the larvae 
m their earthworm mtermediatc hosts or m the adult lungivorm after trans- 
mission to its defimtive host, the pig It appears to be present m an occult or 
masked form, evidence of its presence in its intermediate host is furnished only 
by its subsequent behavior under very speciahzed conditions m the swme respira- 
tory tract Swme infested with lungivorms that arc carrying this masked vinis 
do not as a rule come down directly with swine mfluenza, as rmght be eypccted 
Instead they remam to all outward appearances perfectly normal pigs How- 
ever, though they probably do not rcahze it, they are m a very precarious situa- 
tion so far as their eventual well bemg is eoncerned, because all that is required 
to bnng them down with a sewere or even fatal mfluenzal infection ls the apphea- 
lion of some stimulus, of itself relatively harmless See oral such prov ocalive 
stimuh ha% e been used, but tlio one that has proved most regularly effective 
consists m the admmwtration of multiple intramuscular mjcctions of the bac- 
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of' the swine antigenic type to deal with, we should mclude 
human vaccmes, or at least<have it in readiness for mclusion if tl 
should happen to be of the swme type 

EPlDEAHOLOGY OF SWINE INFLUENZA 

One of the largest puzzles so far as the epidemiology of mflut 
has to do with the whereabouts of the causative virus between 
know that mfluenza A virus lecurs m epidemic foim at roughb 
vals The two known visitations of mfluenza B virus were s 
year mterval, and outbreaks of pandemic mfluenza occur at m 
decade Wheie are the causative viruses duimg the intervals t 
producmg mfluenza m man*^ I have mdicated the possibiht 
pandemic virus may have aiisen as a mutant of the current epid 
VITUS, but this suggestion, even if coriect, gets us httle furthe 
towaids an understanding, because it does not explam the mter 
abouts of the virus m which the mutation may have occuired 

Swme mfluenza until lecently posed the same epidemiologic 
cernmg the mter-epizootic wheieabouts of its virus In a d 
contagious as swme mfluenza one does not worry too much about i 
dissemmation once an epizootic has started However, gettmg that ' 
which presumably will seed the outbreak, is the puzzle Also, gettu 
ease from one drove to anothei m extremely lapid succession offers cei' 
(hfficulties of explanation Swme mfluenza epizootics have occuu\ 
Middle West each year smce 1918 Characteristically they begm e\'. 
late m October or early m Novembei^ (35, 36) The build-up of cas 
tremely rapid and one gams the impression that the disease has ansen .. 
different foci simultaneously By this I mean that when the hogs on o 
sicken, those on other farms m the region are very likely to come down a 
the same time The pattern of apparent dissemmation is very lemmii 
that seen among army camps and civihan commumties at the outset of t 
human pandemic The disease, if it is actually dissemmated, gets sprea( 
in miraculously and unbehevably rapid fashion After the mitial widi 
outbreak, fresh swme droves become infected m smaller and smallei n 
until by late December, as a rule, the epizootic appeals to have lun its 
and sivme mfluenza disappears as a farm infection until the followmg ( 
or November 

The rapidity of spread of pandemic influenza m 1918 was explained, i 
partially, on the basis of the availability of modern means of tiansporta 
scattermg the infectious agent, thiough the medium of infected passengei 
geographically large areas Vetermanans, mfluenced piobably by views 
chaiactei, have similaily lationahzed the appaient rapid dissemmation o 
influenza While hogs as a rule do not travel except to maiket, and ti 
one-way trip, their owners do visit around and m some obscuie way aie su 
to spread disease from farm to farm Actually it is probable that the pi 
of the epidemiology of modem swme mfluenza are very smailar to those of 
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tenum H znfluenzcie suts ThesG mjections are ordinarily begun some weeks 
after the lungworm infestation has become established m the experimental swme, 
and are spaced at mtervals of eight days Influenza usually follows the second 
or thud injection 

While only little is known concerning the mechanism mvolved m the trans- 
mission of swme mfluenza virus by lungworms, some facts mdicatmg its probable 
apphcabihty m the epidemiology of the disease are at hand It has been found, 
for mstance, that swine influenza virus can persist without givmg any detectable 
evidence of its presence for at least as long as 32 months m third stage lungwoim 
larvae m their earthworm mtermediate hosts, and for at least an additional 
three months m association with adult lungworms m the swme respiratory tract 
(69) ' This constitutes a total elapsed time — between the case of swme mfluenza 
origmally supplymg the virus and the hog eventually becommg infected with 
it — of almost three years, and is roughly three tunes the amount which must 
be accounted for to explam the survival of the virus from one epizootic to 
the next 

Another fact concerning the 'phenomenon seems to have a suggestive bearmg 
upon the seasonal epidenucity of swme mfluenza Transmission of swme mflu- 
enza virus by way of lungworms takes place as outlmed if the experiments are 
conducted between October and Apiil, that is, durmg the fall, wmter, and sprmg 
months (69) However, experiments carried out from May f^ier have 

as yet, with only one exception, durmg three summers yielded negatiVC results 
The failure of the virus to cause infection by way of its mtei mediate host durmg 
the summer fits well with the known seasonal mcidence of swme mfluenza under 
field conditions 

In order to estabhsh decisively that the lungworm was actually the reservoir 
and mtermediate host of the virus m natural outbreaks of swme mfluenza, field 
studies were necessary These were of two types In the fiist, an attempt was 
made to learn whether or not lungworm larvae naturally infected with masked 
swine influenza virus could be demonstrated m earthworms gathered on Mid- 
western farms where swme mfluenza was of annual occurrence In the second, 
we tned to provoke mfluenza m field swme which it was beheved might be carry- 
mg the virus These animals were' obtamed durmg an mter-epizootic period 
from a farm whose swine drove gave a history of annual outbreaks of mfluenza. 
Both sets of experiments resulted positively (70). 

In the first set, swme to which lungworm-mfested earthworms from Mid- 
western farms were fed came down wth charactenstic swme mfluenza when an 
appropriate provocative stress was apphed This mdicated that the lungworm 
under natuial field conditions may be a earner of masked swme mfluenza virus 
and a potential source of infection to any swme infested by it 

The second set of field experiments, with Middle Western swine obtamed 
from their home farm durmg an mter-epizootic penod, were particularly enhght- 
ening concemmg one phase of the epidemiology of swme mfluenza Of three 
swine brought to the laboratory from Iowa late m September, swme mfluenza 
virus infections were provoked m two by appropriate procedures m November 
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These three animals had been picked at random from a drove of about 50 on 
the Iowa farm An assumption which seems warranted, in view of the fact that 
masked swme mfluenza virus had been demonstrated m lungworm larvae m 
earthworms from the same farm, is that these swme were earners of masked 
swine mfluenza virus when they were received at the laboratory and that this 
masked virus was m association with lungworms acquired back on the home 
farm The swme mfluenza virus responsible for the disease developmg m these 
sivme IS considered to be the same that they would have sickened of had they 
been left on the Iowa farm wnth their 60 whole and half brothers and sisters 
Smee there is no reason for suspecting that the three swme chosen represented an 
unusual sample of the drove, the findmg that at least two were earners of masked 
virus suggested an extremely high earner rate for the drove as a whole 

The findmg of this high carrier rate suggests that the apparent paradox of 
swme influenza spreadmg throughout a drove and from farm to farm — faster 
than we realize it can, on the basis of any known mcubation period — may not be 
paradoxical at all Instead of the virus gomg like wildfire from drove to drove 
and throughout a drove, the field experiments mdicate that it is probably widely 
seeded before the outbreak and merely provoked almost simultaneously The 
great rapidity of spread therefore is more apparent than real and represents a 
delusion resultmg from the provocation of widely dissemmated masked virus by 
a stmujl cor'mon to laige geographical areas This stimulus is probably 
meteoroiffbical m character Under experimental conditions m the laboiatory, 
however, though season determmes whether or not mfections can be chcited m 
prepared swme, the exact type of "weather,” wluch seemmgly serves to provoke 
swme influenza infections m the field, has not been successfully imitated 
The concept of the epidemiology of swme influenza just outlmed is, accoiding 
to current epidemiologic views, unorthodox m at least thico lespects In the 
first place, a highly contagious disease like swme mfluenza is not usually thought 
of as requirmg the services of an mtermediate host Orduiarily such a host is 
sought for or considered requisite only m those diseases that do not transmit 
naturally by contact In the case of swme mfluenza, however, one large period 
of the epidemiologic cycle, the mter-epizootio phase, becomes readily under- 
standable only if the services of an mtermediate host capable of mamtammg the 
virus from one epizootic to the next can be invoked Once an epizootic has got 
under way, of course, it is possible for the disease to bo disseminated by contact 
Robert Johnson, of the 18th century, was quoted earlier to the effect that m the 
case of human mfluenza he did not wish to be imderstood to mean that that 
disease was not at all contagious but rather that it appeared to bo possible for 
cases to arise without previous direct contact The facts m the case of swme 
influenza are remmiscent of those older contentions regarding human ' ' 

A second unorthodox feature of the epidcmiologj of swine influenza 
cred as a contagious disease, is the lack of chronological relationship bu 

seedmg of the causative virus and the onset of the < ' 

wo events are considered to comcide quite closely* 
luider way when the causative agent becomes 
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to be no more lag between seedmg and onset than can be accounted for by the 
so-called mcubation period In the case of swme mfluenza, however, seedmg of 
masked virus m the swine respiratoiy tract by way of the lungworm can take 
place months befoie the infection finally becomes manifest In the field it 
seems likely that the masked virus is widely seeded thioughout a sivme popu- 
lation long before evidence of its presence becomes apparent late m October 
or November 

A third unorthodox feature of the epidemiology of swme mfluenza, consideied 
as a contagious disease, concerns the lack of direct contmuity between cases 
Ordmarily a contagious disease spreads from sick to well and, if complete knowl- 
edge were available, it is believed that each new case could be traced to some 
precedmg one In swme mfluenza, however, the epizootic starts so explosively 
and the disease is dissemmated so rapidly, even throughout an mdmdual swine 
drove, that continuity of infection from one case to the next cannot be estab- • 
hshed m the majority of mstances Here the virus responsible for each of the 
primary infections stems from a ease that occurred at least mne months pre- 
viously, and durmg the mterim has resided in an mtermediate host, m a masked, 
non-inf ective form From such mitral or first cases the virus can, and undoubt- 
edly does on occasion, spread by ordmary contact from sick to normal swme 

The mechanism by which swme mfluenza virus survives from one outbreak to 
the next and finally becomes established afresh each year as a disease-producmg 
agent m swme is far from simple Even with an understandmg of the role 
played by the lungworm as reservoir and intermediate host foi the virus, the 
epidemiology of swme mfluenza rivals m complexity the conceptions held by 
Johnson and his contemporaries concemmg 18th century influenza of man In 
fact, so close is the parallel between the epidemiologic facts of present-day swme 
influenza and the epidemiologic phantasies of 18th century human mfluenza that 
the question is raised whether we are warranted in assummg the half -amused 
manner m ivhich we have viewed the multiphcity of “causes” predicated m 18th 
century epidemiology In swme mfluenza, for mstance, weather and season 
play the decisive role m determmmg whether or not masked virus, withm its 
lungworm intermediate host, can be provoked to mfectivity This is clearly 
identifiable with the “remote cause” of earlier days The provocative stress 
necessary to render masked swme influenza vuiis infective is simply the older 
“excitmg cause,” a httle more explicitly defined The “predisposmg cause” of 
older days is of little importance in the epidemiology of swme mfluenza, so far 
as we know at present, because those swine not immune by virtue of a previous 
attack regularly sicken whenever exposed to infective swme mfluenza virus and 
H influenzae suis Immumty would of course constitute an absence of pre- 
disposition m the older sense The “proximate cause,” that which was directly 
responsible for the signs and symptoms of illness, we identify m the case of swine 
mfluenza as the swme mfluenza virus acting m conceit with H influenzae suis 
It IS evident, I believe, that, though visualization of the manner m which sAvme 
influenza virus can spread from one animal to another once the first cases are 
established is relatively easy, an explanation of the mitiation of those first cases 
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requires a coincidental complexity of factors that are but httle more simple 
than those accepted by Johnson back m the 18th century m explaining the origm 
of his first cases of human influenza 

Some of you may have inferred from my comparison of the epidemiologies of 
current swme mfluenza and 18th century human influenza that I was implymg 
the presence of an intermediate host for the causative agent of the human dis- 
ease similar to the lungworm for swme mfluenza Such an implication is not 
intended, and the only reason for malung the compaiison is to indicate the many 
similarities m the problems involved prior to the apparent solution, oi at least 
better understanchng, of the natural history of the swme disease Information 
concermng the epidemiology of swme mfluenza is of value to students of the 
human disease mamly msofar as it suggests analogies There are indeed many 
analogies, as I have tned to pomt out, but unfoi tunately for a better under- 
standmg of the epidemiology of the human disease, a helmmthic parasite of man 


that might substitute for the lungwoim of swme as an intermediate and reservoir 
host for mfluenza virus is not apparent Similanties m the epidemiologic 
patterns of the two diseases are, however, so close as to suggest that pre-epidemic 
seedmg of the causative agent of the human disease must take place as it does 
m the swme disease, even though a helmmth host like the lungworm cannot be 
implicated as the dissemmatmg agent in man It seems to mo that the almost 
unbelievable rapidity of spread of human pandemic influenza, as well as a num- 
ber of Its other puzzlmg epidemiologic features, can be more simply and effec- 
tively explained on the assumption that the causative agent is pre-soeded wadely 
and subsequently almost simultaneously provoked, than it can be by tiymg to 
base the entire explanation on the thesis of case to case transfer 
Dunng the course of the lectures that I am about to conclude I have tned 
to outlmo the old, mtermediate, and contemporary contributions to our knowl- 
ofige of pandemic mfluenza The old had to do with vinous epidemiologic 
aspects that I felt were applicable even today and that certainly have their 
counterparts m certain phases of the epidemiology of sinne mfluenza upon which 
I have drawn heavily m indicating possible analogies The intermediate con- 
tnbutions introduced the Pfeiffei bacillus into the picture and rather insecuiely 


onented it there They also lent accuracy to our epidemiological inform ition 
Contemporary contributions largely concerned the introduction of a v irus into 
oiir concept It is evident fiom the manner m which contributions to our 
raoulcdge concemmg pandemic mfluenza can be classified chronologic illy that 
ought oil the subject, like the pandemics themselv es, has been cj clic Durmg 
c 1918 pandemic most of the huge volume of work concerned the role played 
mfluenza bacillus in the disease This was because at the closc of the 
0 pandemic Pfeiffer had focused the attention of the scientific world upon 
ns particular organism as the cause of mfluenza, and most people had consid- 
the claims for it legitimate enough to wairant further study It was 
^hgated to the almost complete exclusion of other possibilities m 19)8 
Viru°" complete focus of scientific attention is upon the mfluenza 

^ and httle interest IS expressed any more III the Pfeiffer bacillus J 'ijd 



452 


EICHARD E. SHOPE 


be willing to wager that if we were to have another great pandemic, say in 1945, 
those leviewmg the scientific work of the period afterward would find that study 
of the viruses had been as preponderant and exclusive m 1945 as had been study 
of the Pfeiffer bacillus in 1918 

To me, this extreme centralization of scientific effort upon what may be just 
one phase of the problem seems rather foohsh and short-sighted The next 
epidemic, hke those of the past, will undoubtedly be explosively sudden m its 
onset and will pass m a relatively short period of tune At the most, we s ha ll 
have probably not more than thiee months for our observations and mvestiga- 
tions, and I fervently hope that some of us, at least, can keep off the virus band 
wagon long enough to find out two bits of other information In, addition to 
studymg the virus of the next pandemic, it seems to me that we should deter- 
mine once and for all what, if any, role the Pfeiffer bacillus plays m the etiology 
of the pandemic disease We should also consider the epidemiologic pattern 
critically enough to learn whether or not person to person contact adequately 
explains the dissemination of the disease, or whether, as m swine influenza, pre- 
pandenuc seedmg of the causative agent plays a role Only by completely 
imderstandmg a disease can we ever hope to control it 
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